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DESCRIPTION 

FIELD OF THE INVENTION 

The present invention relates to a DNA vaccine for 
inducing an immune response to Piscirickettsia salmonis in 
vertebrates, especially in aquaculture species, such as the 
Coho salmon, the Atlantic salmon, the Chinook salmon or the 
trout, based on a DNA fragment that codes for the transferrin 
binding protein B, and the method of preparation thereof. The 
invention also describes a DNA segment for use in the 
production of a vaccine against Piscirickettsia salmonis in 
vertebrates and a vaccine based on a recombinant protein 
prepared from this oligonucleotide. 

BACKGROUND 

DESCRIPTION OF THE PRIOR ART 

Salmon Rickettsial Syndrome (SRS) 

The intracellular bacterium Piscirickettsia 
salmonis , the causative agent of the disease called Salmon 
Rickettsial Syndrome (SRS) , has been, since just before its 
identification (Fryer et al ., 1990), an increasing problem 
for the salmon industry in Chile* Initially described as a 
pathology that only affected the Coho salmon, it then spread 
to the trout and to the Atlantic salmon. However, the 
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situation was made worse not only by the spread of the 
disease to other salmonid species cultivated in this country, 
but also because during the past decade this disease has 
become more virulent, and year after year the associated 
mortality, the costs of treatment and the effects on 
productivity and on the quality of the final product have 
increased. 

Measures for mitigating the disease that are 
currently employed at cultivation centers are mainly based on 
treatments with antibiotics and other management measures 
such as the application of rest periods between productive 
cycles, in order to avoid horizontal transmission, the use of 
some commercially available immunostimulants , and limitation 
of vertical transmission, by means of expensive methods of 
reproductive selection* In the absence of effective vaccines, 
the steps enumerated above are the only weapons that the fish 
farmer has used for limiting the effects of the disease. 

Not all of these methods are fully developed, nor 
fully incorporated in the production methodologies, and in 
some cases they are not applied completely or correctly* The 
end result is the appearance of strains of Pisczrickettsia. of 
greater virulence, and interaction with other bacterial, 
viral and parasitic diseases that have been added year by 
year to the list of diseases that the fish farmer has to 
contend with. This explains why the situation has worsened 
over the years . 
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There is still no real solution to Salmon 
Rickettsial Syndrome. Treatments with antibiotics are 
becoming less and less effective. Their successful 
application is uncertain and there is only a response when 
they are applied very early, and in many cases the 
administration of the antibiotic by injection is the only 
feasible solution. In the medium term, the only viable 
solution will be to use vaccines for immunizing the fish, 
before they are exposed to the conditions of marine 
cultivation, where horizontal propagation of the disease is 
very efficient, since the survival of the bacterium in fresh 
water is very low. 

The vaccines currently being marketed consist of 
bacterins with restricted use and with scant documentation 
regarding their efficacy. Furthermore, the production of 
bacterins for SRS is very expensive, owing to the complexity 
of the system for cultivation of the pathogen. The in-vitro 
production of Piscirickettsia, an obligate intracellular 
bacterium, requires the inoculation of the bacterium on a 
culture of the appropriate cell line. The fact that these 
bacterins are produced in the complex systems just described 
has effects on the level of control of the antigens produced; 
thus, it is possible that the bacteria grown do not contain 
the antigens or do not contain them at the level required for 
inducing the desired protection. An alternative to bacterins 
is the directed production of antigens, by cloning the genes 
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that encode the desired antigens of the pathogen in a 
bacterium that is easier to cultivate, for producing the 
antigens. The production of vaccines by this technique gives 
rise to what are known as recombinant DNA vaccines. There are 
two possible presentations for this type of vaccine: 
suspension of attenuated cells in a suitable type of 
coadjuvant (generally of the oily type) , or suspension of the 
fractionated antigens from the cultivated bacterium in a 
suitable coadjuvant. In both cases some postvaccination side 
effects are to be expected, manifested as a decrease in 
growth for some weeks following vaccination, and some 
peritoneal adhesions, that might affect the quality and/or 
growth of the fish. The latest generation of vaccines are the 
DNA vaccines, consisting of injection of minimal amounts of 
genetic material that encodes specific antigens of the 
pathogen. In this way, the host begins to produce the encoded 
antigens in situ. The genetic material introduced will have 
an average life of a few days, after which it disappears, 
after fulfilling its function. 
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ANALYSIS OF THE PRIOR ART 

Vaccines in aquaculture, vaccines for SRS 

General ba ckgr ound 

The national salmon industry has now developed into 
an important source of foreign currency for this country, 
generating employment and permitting the development of other 
companies associated with the sector. In 1998, the net 
national production of salmon and trout reached a volume of 
181 60 0 tons, generating foreign currency to a total of US$ 
713.5 million (see Salmonoticias No. 72; p. 4-6; 1999)* 
However, this activity has not been without problems, and to 
the accusation of dumping and the sharp decline of the 
Japanese market, the main destination of Chilean salmon, must 
be added the economic losses arising because the salmon are 
dying. The mortality of salmon in captivity is due to various 
factors, among which we may mention the activity of 
predators, poor sanitary procedures, and the high density of 
fish per cage. Nevertheless, it is diseases, and principally 
those caused by infectious agents, that are characterized by 
causing massive losses (see Salmonoticias No. 71; p. 12-13 
and No. 72; p. 18-19; 1999). At present the specimens 
produced in Chile are mainly attacked by microorganisms such 
as R en i bacterium salmoninarum, the causative agent of BKD 
(Bacterial Kidney . Disease) and another of a rickettsial 
nature such as Piscirickettsia salmonis that is the causative 
agent of rickettsial syndrome of salmonids, a pathology that 
has undoubtedly caused the greatest losses for the salmon 
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industry in Chile- The amount of money that is lost due to 
this disease has been evaluated at more than US$ 100 million 
annually, if we include both the direct costs in terms of 
mortality, treatment, feeding, as well as the loss of 
potential profits (Obach A. , et al . , 1998). Another 
infectious agent that is causing problems in this sector is a 
virus belonging to the genus Birnaviridae known as Infectious 
Pancreatic Necrosis Virus (IPNV) (Bruno D. f and Poppe T., 
1996) . This virus possesses a double -stranded RNA that causes 
a serious clinical picture in the fish infected, resulting in 
substantial mortality (Bustos P., et al . , 1999). More 
recently, there are fears concerning the appearance of 
another virus that causes infectious anemia in salmon or ISAV 
(see Salmonoticias No. 71; p. 11; 1999 and Cassigoli J., 
1999) . Finally, the mycotic agents, such as those belonging 
to the genus Saprolegnia., are also a constant threat to all 
the species of salmonids grown in Chile (Enriquez R., 1999). 

Salmon Rickettsial Syndrome appeared for the first 
time in 1989 in the south of Chile and was reported in Coho 
salmon (Oncorhynchus kisutch) , but it was then found that it 
also affected the Atlantic salmon (Salmo salar) f Chinook 
salmon (O. tshawytscha) f rainbow trout (O. mykiss) , among 
other species of salmonids (Bravo and Campos, 1989) . The 
clinical signs that characterize a fish affected with 
rickettsial syndrome are swimming on the surface of the 
water, lethargy, anorexia, approaching the shore, impact 
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against the walls of the cages and darkening of the skin. The 
most important macroscopic external lesions include 
desquamation, paleness of the gills, ecchymotic hemorrhages 
and petechiae at the base of the fins, skin nodules and 
ulcers, and the hematocrit levels reflect severe anemia 
(Slizalde J., 1993), Autopsy of the abdominal cavity often 
reveals the presence of ascitic liquid, nephromegaly and 
splenomegaly, whitish nodules in the liver, presence of a 
pseudomembrane in the heart and petechial, hemorrhages in the 
stomach, intestine, swim bladder, muscular and visceral fat. 
In the majority of cases, the intestine is filled with 
yellowish mucous contents and the stomach with a clear, 
seromucous liquid. From the histopathological standpoint the 
main lesions correspond to necrosis in various organs and 
tissues, with the kidney, liver, intestine and brain being 
the most affected. In addition, macrophages containing 
microorganisms within the cytoplasm may be found (Larenas et 
al. , 1998) . 

The etiological agent of this syndrome was 
identified for the first time in 1990 by Fryer (Fryer et al . , 
1990) ; however, it was not until 1992 that the relation of 
this bacterium with other species of rickettsias could be 
established more specifically, determining, from the sequence 
of the 16S RNA gene, the origin of a new genus and a new 
species that was named Piscirickettsia salmonis (ATCC UR 
1361) (Fryer et al . , 1992; Fryer and Mauel, 1997). The 
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bacterium is characterized by being Gram- negative, 
pleomorphic, immobile, nonencapsulated, coccoid, varying in 
size between 0.5 and 1.5 jum. In culture, this pathogen only 
grows in salmon cell lines , such as CHSE-214 cells, within 
cytoplasmic vacuoles associated with others forming clusters 
of bacteria, although it has also been observed as isolated 
rings. It stains with Giemsa's reagent, hematoxylin-eosin, 
methylene blue, among others. Using electron microscopy, it 
was observed that this bacterium has two membranes, one 
external undulating and one internal cytoplasmic, as has been 
observed in other rickettsial agents. Using the same 
technique, it was possible to demonstrate the presence of 
structures similar to ribosomes near the plasma membrane, a 
fibrillar DNA in the central region and electron-dense 
spherical structures (Larenas et al . , 1998). 

Preven tive measures 

SRS has now been controlled partially by the use of 
antibiotics, which have not proved completely effective in 
combating the disease. Antibiotics with better prospects for 
the treatment of SRS include the quinolones, on account of 
their broad spectrum, low CMI and intensively bactericidal 
action. However, these drugs have side effects, such as the 
development of resistance in the pathogens , toxicity,, 
hypersensitivity and immunosuppression (Arriagada R. , 1996). 
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The use of antibiotics has problems connected with 
regulations approved in 1997 by the FDA of the United States 
of America and by the European Economic Community that will 
require that all products from aquaculture will have to reach 
their respective markets without residues of antibiotics. 
This will undoubtedly be a problem for Chilean producers, 
bearing in mind that in Chile, 80% of the antibiotics 
available on the national market are intended for combating 
P. salmonis (see Aquanoticias No. 37; p. 20; 1997) . 

Bacter ins and vaccine s ba se d on recombi nant proteins 

Recently, Smith et al . (1997) described the results 
of partial protection obtained on immunizing Coho salmon with 
a conventional bacterin for P. salmonis , prepared with the 
ATCC strain of the pathogen grown in CHSE-214 cells and then 
fixed with paraformaldehyde. The fish were challenged 
naturally, that is by transferring them after smelting to a 
site with endemic piscirickettsiosis * 

Gaggero submitted in 1995 a Chilean patent 
application (Gaggero, 1995) relating to a method of 
production of a vaccine against Salmon Rickettsial Syndrome 
produced by the bacterium Piscirickettsia. salmonis . The 
method described in said patent application comprises a 
process for production of an inactivated vaccine, of the 
bacterin type. For this, initially the bacterium must be 
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propagated in fish cell cultures and, once purified, it is 
inactivated and diluted in a suitable solvent, and is then 
ready for use by injection. 

Vaccines based on recombinant proteins are another 
possibility- If we succeed in identifying antigens involved 
in the humoral and/or cellular immune response of salmonids 
against P. salmonis , it is possible, using the methods of 
molecular biology, to clone and express these molecules in 
suitable vectors, whether in bacteria, yeasts or animal 
cells, and then study their protective character. Methods of 
this type have been used in the investigation of numerous 
pathologies that affect humans, and among them, some of the 
diseases that are caused by bacteria of the genus Rickettsia. 

In the case of scrub typhus (tsutsugamushi fever) , 
caused by R. tsutsugamushi, it was determined that two 
polypeptides are present, with molecular weights of 56 and 58 
kDa, localized on the surface of the bacterium, which are 
said to be predominant in the infection (Tamura et al . , 1985) 
and whose genes have been cloned (Stover et al . , 1990 a). In 
the case of Rocky Mountain fever, caused by R. rickettsii, 
the gene for a protein of 155 kDa, localized in the cell wall 
of the bacterium, has been identified and cloned, and the 
presence of heat-sensitive epitopes has been determined using 
monoclonal antibodies. This antigen, when inoculated in mice, 
protects them from the lethal effect of the bacterium 
(McDonald et al . , 1987), It is interesting to note that a 
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similar protein of 155 kDa has been identified in Rickettsia 
conorii and the gene that encodes it has been cloned and 
expressed in E. coli. When guinea pigs are inoculated with a 
lysate of the recombinant bacterium, protection is obtained 
against infection with the homologous strain of Rickettsia 
conorii as well as partial protection against experimental 
infection with a heterologous strain like Rickettsia 
rickettsii (Vishwanath et al . , 1990). 

DNA vaccines 

The development of new strategies of vaccination 
against -P. s&lmonis is justified by the fact that to date the 
disease has not been controlled and only one commercial 
vaccine of the bacterin type is approved at present, but its 
results are controversial for experts in animal, health with 
reference to SRS (see Aquanoticias No. 47; p. 7; 1999) . There 
are several vaccines at the experimental stage; five of them 
are of the bacterin type, one is an isolated protein 
(purified antigen) and one is based on recombinant DNA (see 
Aquanoticias No. 47; p. 9; 1999) . The production of a vaccine 
of the bacterin type involves the culture, purification and 
subsequent inactivation of the bacterium. The cultivation 
process can take up to 2 weeks when there are no problems of 
contamination, a fact that is not trivial when dealing with 
the cultivation of a bacterium that in cell culture is 
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practically sensitive to all antibiotics. The purification 
process is expensive, slow and unsuitable for scaling-up as 
would be required for mass vaccination of millions of salmon* 
It has also been demonstrated that vaccination with bacterins 
requires adjuvants for potentiation of the immune response of 
the fish and booster doses, a situation that leads to 
rejection by the salmon farmers because it involves double 
manipulation of the fish, which can generate such a high 
level of stress that it can cause higher mortality than might 
result from a possible outbreak of SRS (see Aquanoticias No. 
47; p. 8; 1999) . Moreover, no works are known in which it is 
demonstrated that bacterins are able to induce cellular 
immunity, which is very important when dealing with pathogens 
that live within the cell, such as P. salmonis . On the other 
hand, vaccination with pure antigens also leads to problems, 
among which we may mention the fact that they are proteins, 
usually obtained from recombinant DNA, that are cloned and 
expressed in microorganisms, generally produced within 
incluision bodies, from where they must be recovered and 
purified, a process that takes time and increases the costs 
of production. Moreover, once obtained, the proteins must be 
kept cold for optimal functioning, so that they are not 
practicable in regions that lack cold chain systems. Other 
vaccination systems, such as those based on viral vectors, 
have the shortcoming that they may be inefficiently 
attenuated and may revert to a virulent strain (Hilleman R . , 
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1995) - Moreover, since they have to be incorporated in the 
host's genome they may cause undesirable mutations {Kurth R,, 
1995) . 

The technology of vaccination with nucleic acids 
relates to the method by which an immune response to a 
protein expressed "in vivo" is induced after the introduction 
of an oligonucleotide sequence that codes for this protein. 
This technology is radically different from the classical 
vaccines that contain the immunogenic material, either in the 
form of an inactivated pathogenic agent or more recently as a 
subunit of the pathogenic agent, either purified from the 
pathogen or produced by recombinant DNA or by chemical 
synthesis of peptides. The possibility of developing vaccines 
based on nucleic acids dates back to 1990 when Feigner and 
co-workers (Wolff et al . , 1990) described how the injection 
of reporter genes in muscle cells resulted in the expression 
of the proteins encoded by the genetic material* Two years 
later Tang and co-workers (Tang et al . , 1992) demonstrated 
that the immunization of animals with microspheres of 
colloidal gold covered with plasmid DNA led to the appearance 
of an immunogenic response in the animals to the proteins 
encoded by the injected DNA. Later on, Ulmer and co-workers 
(Ulmer et al . , 1993) demonstrated that the immunization of 
animals with DNA that encodes proteins of the influenza virus 
induced protective immunity to the pathogen. In these 
experiments t mice were immunized with plasmid DNA containing 
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an insert encoding the proteins of the virus, which developed 
a humoral and cellular immune response that was sufficient to 
protect the animals from a lethal challenge with the 
influenza virus. Recently, several investigators have 
reported the efficacy of immunizations with DNA for inducing 
protective immune responses in animal models of several 
infectious diseases, some of which include intracellular 
pathogens like P. salmonis . These include influenza (Ulmer et 
al,, 1993; Montgomery et al , , 1993; Robinson et al . , 1993), 
(Xiang et al . , 1994), malaria (Sedegah et al . , 1994; Hoffman 
et al. , 1995), leishmaniasis (Xu and Liew, 1994), papilloma 
virus (Donnelly et al . , 1995), herpes (McClements, 1995; 
Rouse, 1995), tuberculosis (Lozes E. et al . ; Lowrie D. et al . 
1997) and bovine herpes virus (Babiuk et al . , 1995). 

The nucleic acid vaccines can be based on RNA or on 
DNA, although the vast majority of the studies conducted in 
animals to date were based on DNA. Although messenger RNA is 
undoubtedly more attractive from the standpoint of the low 
possibility of integration in the genome, it does not appear 
to be the vehicle of choice owing to its instability and 
greater difficulty of production. 

Two factors have to be taken into account when 
considering what type of tissue is best for immunizations 
with DNA vaccines, namely the level of antigen expressed and 
the accessibility of the antigen to the immune system. The 
amount of antigen produced will depend on the amount of DNA 



- 15 - 



incorporated in the cells, which in its turn depends on the 
type of cells and on the formulation of the DNA. The level of 
expression will depend partly on the activity or potency of 
the promoter and on other genetic elements that optimize the 
transcription and translation occurring in the vector. For 
one and the same promoter, this activity can vary in 
different tissues. The expression vectors possess an 
efficient promoter, which are usually viral promoters such as 
those of the human cytomegalovirus, simian virus 40 (SV40) , 
Rous sarcoma virus (RSV) «. These promoters are not tissue- 
specific, they have constitutive expression, and can be 
replaced by species- and tissue-specific promoter/enhancer 
elements as is the case with the /3-actin gene of the carp 
Cyprinus carpio (Liu Z. et al . , 1990)* Moreover, from a 
region that contains sequences for multiple cleavage with 
various restriction enzymes, the vectors possess a 
polyadenylation site, for increasing the stability of the 
mRNA. The polyadenylation sequence of the bovine growth 
hormone gene, BGHpA, is usually employed for this purpose 
(Donnelly J., et al . , 1997). They must also possess a 
prokaryotic replication origin, for efficient propagation of 
the plasmid in competent E. coli cells. The commonest 
selection markers carried by the plasmid expression vectors 
used in DNA vaccines are ampicillin or kanamycin. It was 
found experimentally that if an intron (noncoding sequence} 
is inserted between the promoter region and the 
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polyadenylation sequence, the efficiency of expression of the 
vector is increased by several times (Barry M. , and Johnston 
S. , 1977) . 

The accessibility of the antigen to the immune 
system is another important variable that will depend on its 
presentation. To induce a humoral type of response, the 
antigen will have to be presented on the surface of the cell 
transfected with the DNA or secreted and processed by antigen 
presenting cells, which will depend on the type of vector 
used. To induce a cellular response, it will be necessary to 
induce suitable presentation of peptides derived from the 
antigen by molecules encoded by the MHC of the host system 
(Donnelly J., et al . , 1997), (Sewell A., et al w 19.99; 
Whitton J., et al . , 1999), 

The transfer of nucleic acids to the vaccinated 
animal or individual can be carried out in various ways . The 
formulation most commonly used is the transfer of plasmid DNA 
or of DNA contained in a viral vector (adenovirus, 
retrovirus, vaccinia, herpes, etc.). Plasmid DNA offers 
several potential advantages as it is very stable and easier 
to prepare reproducibly . Moreover, in contrast to viral 
vectors, plasmid DNA is usually designed to remain in 
episomal form, i.e. without the capacity for being integrated 
into the genome of the animal . Many of the viral vectors 
generally require integration in the genome, which might lead 
to activation of oncogenes or inactivation of tumor 



suppressor genes (Nichols et al . , 1995). One of the most 
studied routes of immunization with DNA is direct injection 
of genetic material into muscular tissue. For example, Davis 
and co-workers (Davis et al . , 1993) demonstrated that a 
single injection of DNA encoding the surface antigen of the 
hepatitis B virus, in mouse skeletal muscle, induces a rapid, 
potent and sustained humoral and cellular immune response . 
Despite the low efficiency of genetic transfer in mature 
muscle, it is sufficient for the purposes of immunization. 
For example, injection of just 10 micrograms of DNA in the 
mouse anterior tibial muscle induces antibodies at a level 
above 10 mlU/mL, a level that is considered sufficient for 
conferring protective immunity in humans (Davis H., et al . , 
1993) . It was observed that the potency of the immunologic 
response is clearly related to the dose of the vaccine and 
the efficiency of transf ection. Thus, methods that improve 
the incorporation of DNA in the cells improve the immunologic 
response. For example, injection of DNA in 25% sucrose gives 
a hundredfold increase in the level of antibodies (Davis et 
al . , 1993). These authors also demonstrated that the immune 
response obtained as a result of immunization with DNA is 
persistent, demonstrating that the level of antibodies 
obtained is maintained for at least 17 weeks after a single 
injection of DNA. 

A very interesting technological variant was 
described recently by Johnston and co-workers (Barry et al . , 
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1995; Johnston and Barry, 1997) . These authors developed a 
method for the production of DNA vaccines based on 
immunization with expression libraries, which potentially 
encode all the proteins of the infectious agent* This makes 
it possible to develop vaccines even against pathogens for 
which very few protective antigens are known, since it is not 
necessary to know what genes of the pathogen are associated 
with immunity. Johnston and co-workers demonstrated that 
immunization of mice with expression libraries obtained from 
complete genomic DNA of Mycoplasma pulmonis, a natural 
pathogen of rodents, was able to develop immunoprotection 
against challenge with the pathogen. This technology is based 
on the fact that all the antigens of the pathogen are finally 
encoded in its genome. Accordingly, the method involves 
making an expression library of the genome of the pathogen in 
suitable vectors that permit expression of the potential 
antigenic genes or of a proportion of them that it has been 
possible to clone. This genome can then be reduced in 
successive stages of fractionation until individual 
protective plasmids are obtained. As a result, this approach 
also makes it possible to discover individual candidate genes 
and use them as recombinant vaccines. The critical aspect in 
the application of immunization with expression libraries is 
its sensitivity. For example, to cover the genome of a 
bacterial pathogen of 3 x 10 s bp in 500 bp fragments would 
require approximately 6 0 00 clones. However, only 1/6 of these 
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would be in the correct frame and direction. Therefore one 
equivalent of expression would require 36 00 0 clones. 
Finally, it is important to point out that in fish (Kanellos 
et al . , 1999) and specifically in carp (Cyprinus carpio) , in 
trout {Oncorhynchus mykiss) and in goldfish {Carassius 
auratus L.), methodology has been described for expressing 
exogenous genes injected intramuscularly (Hansen et al *, 
1991; Anderson et al . , 1996a and Russell et al . , 1998, 
respectively). In the second case, moreover, Anderson 1 s group 
demonstrated that trout injected in the skeletal musculature 
with a plasmid that contains the genes that code for proteins 
of the infectious hematopoietic necrosis virus (IHNV) and 
that are under the control of a cytomegalovirus promoter 
produce neutralizing antibodies that confer protection on the 
trout when challenged with IHNV (Anderson et al . , 1996b) . 

Herrmann et al * (United States Patent 6,165,993) 
describe a concrete application of DNA vaccines for inducing 
an immune response to rotaviruses in various vertebrates. 

For the particular case of the application of DNA 
vaccines against rickettsial diseases, Barbet et al . (United 
States Patent 6,025,338) disclosed a composition comprising 
an isolated polynucleotide, which is able to induce an immune 
response to a disease caused by a pathogenic rickettsia, 
including Cowdria ruminantium, Ehrlichia chaff eensis and 
Anaplasma marginale. 
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Davis's patent (2001, United States Patent 
6,180,614) describes the general use of DNA vaccines as a 
method of immunization of aquaculture species. This patent 
also discloses the methods of administration of the DNA 
expression systems to the fish. Said methods include the 
techniques of injection, spraying and dipping. 

Transferrin binding protein B 

Virtually all microorganisms require iron as cofactor 
for various enzymatic processes; therefore various systems have 
evolved for iron capture. In. the serum, iron is transported 
chiefly by transferrin (Tf ) , which corresponds to a globular 
molecule of a single polypeptide chain that is capable of binding 
two ferric ions (Alexander, J. & Ingram, G. , 1992), 

Certain Gram-hegative pathogens have evolved receptors 
for this transport protein and thus acquire iron from their 
surroundings. This receptor is a complex composed of two 
proteins, transferrin binding protein A (Tbp A) and transferrin 
binding protein B (Tbp B) (Boulton, I. et al., 1998). TbpA is 
presumably a protein with multiple transmembrane domains, whereas 
TbpB can have large external domains anchored by their lipid 
stalk in the amino -terminal region (Anderson, J. et al., 1994; 
Legrain, M. et al , , 1998). 

Expression of these outer membrane proteins under 
limiting conditions of iron has been seen in various species of 
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bacteria, including: Actinobacillus (Daban, M. et al., 1996), 
Haemophilus (Stevenson, P. et al,, 1992), Neisseria (Boulton, 
I. et al w 2000, Cornelissen, C. et al., 2000 , Daban, M. et al., 
1996, Pizza, M. et al . , 2000}, Trypanosoma (Steverding, D. et 
al w 1995), Pasteurella, Moraxella {Chen, D. et al . , 2000, 
Myers, E. et al . , 1998) and Borrelia (Carroll, J, et al., 1996). 

The genes tbpA and tbpB apparently are polycistronic, 
the gene products form a complex that acts as a receptor for 
transferrin (Anderson, J. et al . , 1994). TbpA binds 
indiscriminately both to the apo form (not carrying iron) and to 
the iron-bearing (holo) form, whereas TbpB discriminates between 
apo and holo, binding specifically to the diferric form (Boulton 
I. et al., 1998, Retzer M.D.. et al., 1998). TbpB also has two 
lobes that join together in the same series of peptides (Retzer, 
M.D. et al., 1999), facilitating binding of the receptor to Tf 
(Anderson, J. et al . , 1994); however, it has been suggested that 
acquisition of iron by the bacterium would result from combined 
action between TbpA and TbpB, where TbpA would serve as a channel 
by which the iron would pass through the outer membrane in a form 
dependent on TonB (Cornelissen, C. et al., 1992). 

The presence of these proteins in such a wide range of 
bacterial species has generated interest in finding out more 
about them, and in Neisseria a TbpA with a molecular weight of 
98 kDa has been identified, whereas TbpB is between 66 and 86 
kDa, thus identifying two families, those of high molecular 
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weight and those of low molecular weight {Rokbi, B. et al., 
1993) . 

TbpA is sufficiently conserved between strains of one 
and the same species, whereas TbpB is a lipoprotein that has 
zones that are very variable relative to TbpA. It has been 
observed that the zone corresponding to the M- terminal half can 
undergo gene interchange and therefore displays greater 
variability than that observed toward the C-terminal half 
{Legrain, M. et al., 1998, Pizza, et al., 2000). 

These proteins have generated considerable interest on 
account of certain characteristics that make them good candidates 
for vaccines: (i) they are membrane proteins exposed to the 
medium, (ii) they are expressed in vivo during infection (11) and 
(iii) no natural mutants lacking Tbps have been observed 
{Rokbi, B. et al. f 1997). Taking these facts into account, 
various studies of immunogenic ity of these proteins have been 
conducted, and it has been found that TbpB displays a greater 
immunogenic response than TbpA (Cornellissen, C. et al >, 
2000) . 

In the case of transf errin-binding protein B, both 
the N- terminal and the C-terminal have been studied, and in 
both cases the sera obtained after immunization in mice 
produced cross-reactivity for other strains of the same 
species (Neisseria) (Rokbi, B. et al . , 1997, Rokbi, B. et 
al., 2000). The complete recombinant protein was also used, 
and cross-reactivity was obtained to varying degrees 
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depending on the strain, just as with other species (Ferron, 
L . et al., 1992, Lehmann, A. et al . , 1999, Rokbi, B. et al . , 
2000, Stevenson, P. et al . , 1992). On the other hand, the 
TbpA+B complex showed greater bactericidal potency than the 
protein alone , also showing opsonic antibodies to Neisseria 
{Lehmann, A. et al . , 1999, Rokbi, B. et al . , 2000). The sera 
obtained after immunization in mice were found to be 
bactericidal and gave protection against strains of one and 
the same species (Chen, D. et al . , 2000, Myers, E. et al . , 
1998, Pizza, et al . , 2000, Stevenson, P. et al . , 1992, Webb, 
D. & Cripps, A., 1999, West, D, et al . , 2001). 

In Piscirickettsia salmonis the gene of the protein 
that was isolated corresponds to transf errin-binding protein 
B , said gene is deleted in its first 10 codons coding for a 
protein of 764 aa . 

Definition of the problem solved by the invention 

There is now a growing need for vaccines for mass 
infections of aquaculture species. As already explained, the 
vaccines currently on the market, based on bacterins, are of 
limited use and there is scant documentation concerning their 
efficacy. Moreover, the production of bacterins ' f or SRS is 
very expensive, owing to the complexity of the cultivation 
system. The present invention solves the problems of the 
prior art, applying the latest findings of molecular biology, 
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for producing DNA vaccines and recombinant vaccines against 
SRS. It makes it possible to produce these vaccines on a 
large scale and very efficiently, being independent of the 
complex cultivation systems required for the proliferation of 
Pi sciri ckettsi a salmoni s . 

Definition of the inven tion 

The invention relates generally to a DNA vaccine 
for inducing an immune response to Piscirickettsia salmonis 
in vertebrates, especially in aquaculture species, such as 
the Goho salmon, the Atlantic salmon, the Chinook salmon or 
the trout, based on a DNA fragment that codes for the 
transferrin binding protein B, and the method of preparation 
thereof. The invention also describes a purified 
oligonucleotide to be used for the production of a vaccine 
against Piscirickettsia. salmonis in vertebrates and a 
recombinant vaccine prepared starting from this 
oligonucleotide . 

The term "vaccine" refers here to any material 
capable of inducing an immune response in the animal that has 
received said material. 

Vaccination with nucleic acids relates to the 
method by which an immune response to a protein expressed "in 
vivo" is induced after the introduction of an oligonucleotide 
sequence that codes for this protein. Therefore, the concept 
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of l] DNA vaccine", as used here, refers to any DNA segment 
that, when introduced into an animal, produces the immune 
response explained in the preceding sentence. 

The main object of the present invention is a DNA 
vaccine that comprises a DNA fragment that codes for the 
transferrin binding protein B of Piscirickettsia salmonis or 
an immunogenic region thereof, inserted in a suitable plasmid 
vector for inducing an immune response to Piscirickettsia 
salmonis in vertebrates. 

In a preferred embodiment of this invention, said 
DNA fragment corresponds to the nucleotide sequence SEQ ID 
No. 1 (see Fig. 1) or a fragment thereof. Alternatively, said 
DNA fragment corresponds to a nucleotide sequence that gives 
rise to the same protein or protein fragment as SEQ ID No. 1, 
using various codons , preferably the codons most used by the 
vertebrate organism that is to be vaccinated. For both 
embodiments, it has been established that the transferrin 
binding protein B of Piscirickettsia salmonis corresponds to 
the amino acid sequence SEQ ID No. 2 (see Fig. 2) or an 
immunogenic region thereof. 

In another preferred embodiment of the DNA vaccine 
according to the invention, the suitable plasmid vector has 
the following characteristics: a) a strong promoter, usually 
of the viral type that is not tissue-specific; b) a cloning 
site for insertion of the gene of interest; c) a 
polyadenylation site for stopping transcription of the 
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messenger RNA; d} a prokaryotic replication origin for 
efficient propagation in cultures of E. coli; and e) a 
selection marker. Preferably, said plasmid vector is the 
plasmid pUK21-A2. 

In particular, said vertebrate corresponds to an 
aquaculture species , and preferably it is the Coho salmon, 
the Atlantic salmon, the Chinook salmon or the trout. 

In another preferred embodiment of the DNA vaccine 
according to the invention, it is administered by suitable 
techniques, selected from the group comprising intramuscular 
injection, spraying and dipping. Moreover, the vaccine 
contains a suitable adjuvant and/or a pharmaceutically 
acceptable carrier . 

In another variant of the present invention, the 
presence of antibodies to the transferrin binding protein B 
generated by the DNA vaccine is detected by a method 
according to which, after a time, blood is taken from the 
vertebrate that was vaccinated and the serum is analyzed for 
the presence of antibodies to the transferrin binding protein 
B . 

A second main object of the invention is a method 
of preparation of the DNA vaccine against Piscirickettsia 
salmonis that comprises the following stages: 

a) Cloning the DNA fragment that codes for the transferrin 
binding protein B of Piscirickettsia salmonis or an 
immunogenic region thereof 
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b) Inserting it in a suitable plasmid vector for its 
expression and generation of an immune response to 
Piscirickettsia salmonis in vertebrates. 

In a preferred embodiment, the method comprises a 
DNA fragment that corresponds to the nucleotide sequence SEQ 
ID No. 1 or a fragment thereof* Alternatively, the DNA 
fragment corresponds to a nucleotide sequence that gives rise 
to the same protein or protein fragment as SEQ ID No . 1, 
using various codons , preferably the codons most used by the 
vertebrate organism that is to be vaccinated. For both 
embodiments, it has been established that the transferrin 
binding protein B of Piscirickettsia salmonis corresponds to 
the amino acid sequence SEQ ID No. 2 (see Fig. 2) or an 
immunogenic region thereof. 

In another preferred embodiment, the method 
comprises the suitable plasmid vector that has the following 
characteristics: a) a strong promoter, usually of the viral 
type that is not tissue-specific; b) a cloning site for 
insertion of the gene of interest; c) a polyadenylation site 
for stopping the transcription of the messenger RNA; d) a 
prokaryotic replication origin for efficient propagation in 
cultures of E. coli; and e) a selection marker. Preferably, 
said plasmid vector is the plasmid pUK21-A2. 

In particular, the vertebrate corresponds to an 
aquaculture species, and preferably it is the Coho salmon, 
the Atlantic salmon, the Chinook salmon or the trout. 
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In another preferred embodiment of the method 
according to the invention, the vaccine is administered by 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying and dipping. 

A third main object of the invention is a purified 
DNA segment to be used for the production of a vaccine 
against Piscirickettsia salmonis in vertebrates, that codes 
for the transferrin binding protein B of Piscirickettsia 
salmonis or an immunogenic region thereof. In a preferred 
embodiment of this invention, the DNA segment has the 
nucleotide sequence SEQ ID No. 1 (see Fig. 1} or a fragment 
thereof. Alternatively, the DNA segment has a nucleotide 
sequence that gives rise to the same protein or protein 
fragment as SEQ ID No. 1, using various codons, preferably 
the codons most used by the vertebrate organism that is to be 
vaccinated. For both embodiments, it has been established 
that the transferrin binding protein B of Piscirickettsia 
salmonis corresponds to the amino acid sequence SEQ ID No. 2 
(see Fig. 2) or an immunogenic region thereof. 

In particular, the vertebrate corresponds to an 
aquaculture species, preferably the Coho salmon, the Atlantic 
salmon, the Chinook salmon or the trout. 

In another embodiment of the present invention, the 
oligonucleotide is used for producing a recombinant vaccine 
for inducing an immune response to Piscirickettsia salmonis 
in vertebrates, where the transferrin binding protein B of 
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Piscirickettsia salmonis or an immunogenic region thereof is 
produced using a suitable expression vector and a suitable 
host. In particular, the vertebrate corresponds to an 
aquaculture species / preferably the Coho salmon, the Atlantic 
salmon, the Chinook salmon or the trout. In another variant, 
the expression vector is a plasmid,. preferably the vector 
pET32a. Moreover, it has been determined that the host is a 
bacterium, preferably E. coli. 

In another preferred embodiment of the recombinant 
vaccine according to the invention, it is administered by 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying and dipping. Moreover, the 
vaccine contains a suitable adjuvant and/or a 
pharmaceutically acceptable carrier. 

In another variant of the present invention, the 
presence of antibodies to the transferrin binding protein B 
generated by the recombinant vaccine is detected by a method 
according to which, after a time, blood is taken from the 
vertebrate that was vaccinated and the serum is analyzed for 
the presence of antibodies to the transferrin binding protein 
B by means of ELISA. 
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Description of the drawings 

Fig, 1 ; 

This diagram shows the nucleotide sequence (SEQ ID 
No, 1) of the gene that codes for the transferrin binding 
protein B of Piscirickettsia salmonis. 

Fig, 2: 

This diagram shows the amino acid sequence (SEQ ID 
No. 2) of the transferrin binding protein B of 
Piscirickettsia. salmonis . 

Fig, 3 : 

This diagram shows a schematic representation of 
the plasmid pUK21-A2. 

Fig. 4: 

This diagram shows a schematic representation of 
the plasmid pUK21-A2, containing the insert with the TbpB 
gene, designated pUK21-A2-TbpB. 



Fig, 5: 

This diagram shows the structure of the plasmid 

pET-32a 
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Fig. 6: 

This diagram shows the structure of the plasmid 
pET32a-TbpBSl 

Fig. 7: 

This diagram shows the production of the TbpBSl 
protein of P. salmonis in E. coll. 

EXAMPLES 

The following examples illustrate some concrete 
applications of the invention, but are not intended to limit 
the scope of the present invention. 

Example 1: Isolation, cloning and sequence of the gene of the 
transferrin binding protein B of P, salmonis 

a) Culture of CHSE-214 cells 

Inocula of CHSE-214 cells (ATCC 1681) , stored in 
liquid nitrogen, were thawed and cultivated in T175 bottles 
in MEM medium at 16 °C for 7 days or until the cells reached 
confluence . 

b) Culture of P, salmonis . 

Inocula of P, salmonis containing at least a titer 
of 1 x 10 8 bacteria/mL were used for each of the T175 bottles 



with CHSE-214 cells. On the next day, the medium was 
withdrawn and 50 mL of fresh MEM- complete medium was added. 
Culture was carried out at 16 °C for 10 to 14 days, 
periodically observing, with the phase contrast microscope, 
the degree of lysis of the CHSE-214 cells caused by the 
bacterial infection. When the cytopathic effect was in the 
region of 100% of the cells, the culture of P. salmonis was 
considered to be ready for harvesting or for subsequent 
propagation of the culture* The bacteria were harvested using 
a cell scraper. Once collected, the lysate was centrifuged 
and the supernatant collected corresponds to the semipurified 
fraction of P. salmonis . 

c) Purification of P. salmonis 

To purify the bacterium, the suspension with the 
semipurified fraction of P. salmonis was submitted to density 
gradient cent rifugat ion, obtaining a major band near the 
bottom of the centrifuge tube. This band was collected and 
was washed two to three times by centrif ugation with a buffer 
solution. The final sediment or pellet constitutes the 
purified fraction of P. salmonis ♦ 

d) Preparation of genomic DNA of P. salmonis 

Our method is based on Binder T s protocol (Binder, 
1995, Mitochondrial nucleic acid purification and analysis. 
Methods in Molec. Biol. 20:1). Briefly, the purified fraction 
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of P. salmonis was washed with PBS buffer, 2 0 fih of a 
solution of 10 mg/mL of DNase I was added to it, and it was 
incubated at 37 °C for 30 min. After centrif ugation to remove 
the supernatant, the pellet was resuspended in 500 fxh of PBS 
plus 100 /xL of 0 . 1M EDTA to stop the activity of the DNase 1. 
It was agitated gently by inversion, centrifuged again and 
the pellet, without DNase I, was resuspended in 1 mL of lysis 
buffer (sucrose 0.75 M, NaCl 400 mM, EDTA 20 mM, Tris-HCl 
50 mM, SDS 0.2%, 1 mg of Proteinase K, pH 9). It was agitated 
gently by inversion and it was incubated at 58 °C for 1 hour, 
with gentle agitation. On completion of incubation with the 
protease, the solution was extracted with one volume of 
phenol saturated with Tris-HCl (pH 8) and was then extracted 
twice with a 24:1 chloroform- isoamyl alcohol mixture. Next, 
the DNA was precipitated with 0.4 volumes of 5M ammonium 
acetate and 2.5 volumes of cold absolute ethanol at -20°C for 

3 0 min. 

e) Polymerase chain reaction (PGR) 

Autoclaved 50 0 /xL Eppendorf tubes were filled with 
5 fiL of PCR buffer 10 X without Mg, 1.5 ptL of MgCI 2 . 50 mM, 

4 /zL of dNTP mixture 2 . 5 mM, 2 . 5 /xL of each of the 
oligonucleotide primers (10 /xM of each) , 100 ng of template 
DNA, 0.5 fiL of Taq DNA polymerase 5 U//xL, made up to a final 
volume of 50 //L with milliQ sterile water. The experimental 
conditions used were as stated by Mauel et al . , 1999. 
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f) Agarose gel electrophoresis 

To determine the integrity of the genomic DNA of 
P. salmonis, as well as that of the plasmid DNA, and that of 
the amplification products, 1 and 2% agarose gel 
electrophoresis was performed. This method was carried out 
according to Sambrook et al . , 1989. 

g) Cloning and sequencing of the TbpB gene of the transferrin 
binding protein B of P. salmonis. 

Using algorithms for comparing the sequence 
homology of DNA (PCGene and National Center for Biotechnology 
Information) , the localization of the most conserved 
sequences in the gene of the transferrin binding protein B of 
Rickettsia and of other bacteria whose genes of these 
proteins show homologies with .Rickettsia was determined. In 
parallel, analyses of hydrophilicity of these species were 
performed to determine the regions of the protein where there 
are strong antigenic determinants. The regions of the TbpB 
gene of P. salmonis to be amplified by PCR were defined on 
the basis of this information. 

On the basis of homologies with the genomes of 
other organisms, in particular Pseudomonas aeruginosa and 
Vibrio cholerae, the primers a) sense: 5 ' ~ 
CAAGGATCCATGCCAAATTCAGGGAAAACAACG - 3 1 and b ) ant i sense : 5 1 - 
CTTGAATTCGCATAACCGTGTGTTCGTAAC - 3 1 were designed, and were 
used in a polymerase chain reaction, using highly purified 
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chromosomal DNA of P. salmonis as template. This process gave 
rise to a fragment of 2295 base pairs that was cloned in the 
vector pGEMt . Once DNA of the resultant plasmid (pGEMt TbpB) 
was isolated, the insert was sequenced, demonstrating the 
presence of a gene that codes for a transferrin binding 
protein B of 764 amino acids, which displays high homology 
with the transferrin binding protein B of other organisms as 
well as with the partial sequence of fragments of P. salmonis 
obtained previously* 

The results are presented in Figs. 1 and 2. Fig. 1 
shows the nucleotide sequence (SEQ ID No. 1) of the gene that 
codes for the transferrin binding protein B of 
Piscirickettsia salmonis . Fig. 2 shows the amino acid 
sequence (SEQ ID No, 2) of the transferrin binding protein B 
of Piscirickettsia salmonis. 

Example 2 : Preparation of a vector for a genetic vaccine. 
Cloning of the gene of the transferrin binding protein B of 
P. salmonis in the plasmid pUK21-A2 . 

The vector pUK21-A2 possesses the following 
characteristics necessary for use as DNA vaccine: a) a strong 
promoter, usually of the viral type that is not tissue- 
specific; b) a cloning site for insertion of the gene of 
interest; c) a polyadenylation site for stopping the 
transcription of the messenger RNA; d) a prokaryotic 
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replication origin for efficient propagation in cultures of 
E* coli} and e) a selection marker. 

a) Preparation of DNA of the plasmid pUK21-A2 

Plasmid DNA obtained from E. coli HB 101 was 
purified using the commercial kit Qiagen Plasmid Purification 
(Qiagen) in accordance with the supplier r s instructions- The 
plasmid was digested with the enzymes EcoRI and BamHI . Then 
the ends of the linearized vector were dephosphorylated by 
adding 15 /xL of alkaline phosphatase (1 U//iL) , then 
incubating for 1 hour at 37°C. Finally the plasmid DNA 
prepared was purified using the "Wizard" system (Promega, 
Madison, Wisconsin, USA) . Fig. 3 shows a schematic 
representation of the plasmid pUK21-A2. 

b) Cloning of the gene of the transferrin binding protein B 
of P. salmonis in the vector pUK21-A2. 

For preparation of a vector for a genetic vaccine, 
the TbpB is obtained on the basis of digestion of the plasmid 
pGEMt-TbpB with the enzymes BamHI and EcoRI. A fragment of 
2346 base pairs is obtained. This fragment is isolated, and 
after digestion with the endonucleases BamHI and EcoRI it is 
joined to the plasmid pUK21-A2, generating the vaccine vector 
pUK2 1 A2 - TbpB . Fig. 4 shows a schematic representation of the 
plasmid containing the insert corresponding to the gene of 
the transferrin binding protein B . 
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Example 3 : Development of antibodies in mice after 
intramuscular injection of the plasmid pUK21-A2-TbpB . 

The plasmid that contains the TbpB gene in an 
animal expression vector, designated pUK21A2-TbpB, after 
injection in mouse muscle is capable of expressing this 
protein and developing an immune response that gives rise to 
the appearance of antibodies. This is demonstrated as 
follows. A solution of each of the plasmids is prepared in 
PBS buffer at a DNA concentration of 0.5 fig/fil - Mice 
belonging to the Balb/c strain are injected in the femoral 
muscle of the hind limbs -with 2 doses of 100 /il of a solution 
of 50 /ig/100 ill of plasmid DNA (50 [il is injected in each 
limb) . This injection is performed on day zero and a second 
dose is administered at 15 days (day 15) . As control, the 
same operation is carried out using control plasmid DNA that 
does not possess the TbpB gene (pUK21-A2) . 

After 45 days have passed (day 45) , blood is taken 
from the mice and the serum is analyzed for the presence of 
antibodies to the transferrin binding protein B by ELISA. 

a) Determination of anti -transferrin binding protein B 
antibodies by ELISA 

The mice immunized on days 0 and 15 with the 
plasmids pUK21A2 and pUK21A2-TbpB are bled on day 45 7 with a 
cut in the inferior caudal vein of the tail. The 250 fil of 
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blood obtained is incubated at 37 °C for one hour to obtain 
the serum. The same procedure of bleeding and obtaining the 
serum is also performed before immunization. This sample is 
called pre -immune serum. 

The humoral immune response of the immunized mice 
with the plasmids is evaluated by ELISA, as described below. 

1. 96-well polystyrene plates, treated beforehand with a 
bioadhesive phenolic protein (Pegotin) , are activated with 
10 ptg/ml of antigen, 50 /xl/well. They are incubated for 90 
min at room temperature. 

2. The antigen is removed and the nonspecific sites are 
blocked with a 4% solution of casein sucrose, 300 /xl/well for 
6 0 min at room temperature. 

3. 50 (il of a serial dilution of the serum from the immunized 
mice and pre-immune serum is added to each well. It is 
incubated for 90 min at room, temperature. 

4. The serum samples are removed and the plate is washed with 
3 00 yl/well of phosphate saline buffer, containing Tween 2 0 
at 0.02%. This is done 3 times, with intervals of 5 min 
between each washing cycle . 

5. The solution from the last washing is removed and 50 //l of 
mouse anti- immunoglobulin G goat antibody, combined with 
alkaline phosphatase, at the dilution recommended by the 
manufacturer in blocking solution, is added to each well. It 
is incubated for 3 0 min at room temperature, then proceeding 
as in point 4 . 
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6. The solution from the last washing is removed and 50 fil of 
a solution containing 1 mg/ml of paranitrophenyl phosphate in 
Tris 100 mM buffer, sodium chloride 100 mM and magnesium 
chloride 5 mM (pH 9.5) is added to each well. It is incubated 
for 3 0 minutes at 3 7°C. 

7. The reaction is stopped with 3M sodium hydroxide and 
spectrophotometer readings are taken at a wavelength of 
405 nm. 

As shown by the results in Table 1, the serum from 
the mice injected with the plasmid pUK21A2-TbpB reacts with 
the transferrin binding protein B in ELI'S A, indicating that 
it contains specific antibodies to this protein. In contrast, 
the mice injected with a control preparation (pUK21A2) do not 
develop antibodies to the transferrin binding protein B. This 
example shows that by injecting the TbpB gene, prepared as 
described in this invention, it is possible to stimulate the 
immune system of the mouse and develop a humoral response in 
the form of anti-transf errin binding protein B antibodies. 



Table I- Measurement of anti-transf errin binding protein B 
antibodies in mice immunized with pUK21A2-TbpB . 



Sample 


0 • D . reading 
405 nm/30 min 




Pre immune serum 


0.03 




Serum from mouse immunized 
with pUK21A2 (control) 


0.05 * 




Serum from mouse immunized 


0.32 * 
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with pUK21A2~TbpB 

* Mean value for 4 different mice. 

Example 4 : Production of the recombinant transferrin binding 
protein B by cloning of the TbpB gene in the bacterial 
expression vector pET32a and its subsequent purification 

Expression in bacteria was carried out on the basis of a 761-bp 
fragment isolated by amplification of genomic DNA with the 
primers sense : 5 ' - CAAGGATCCATGCCAAATTCAGGGAAAACAACG- 3 ' and 
antisense : 5 ' - CGTGAATTCTTACTGTGTTAGTGTGCGCTGTG - 3 1 ligated to 
pGEMt generating pGEMt -TbpBS 1 . By the action of BamHI and EcoRI, 
a fragment of 761 base pairs is isolated, which is ligated to the 
vector pET32a generating PET3 2a -TbpBS 1, which is shown in Fig. 6. 
Expression of the TbpBS 1 fusion protein is induced in a 
culture of recombinant cells by the action of 1 mM IPTG. The 
protein present in the insoluble fraction is solubilized with 
6M urea and is purified on an Ni -agarose column. All the 
procedures were performed in accordance with the protocols 
described by Sambrook (Sambrook et al . , 1989). 

Fig* 7 shows a polyacryl amide gel with SDS made 
according to Laemmli (Laemmli, 1970) , which shows the 
production of the transferrin binding protein B of 
P + salmonis by recombinant bacteria transformed with the 
plasmid pET32a-TbpBSl . 



PATENT CLAIMS 



1. DNA vaccine, which comprises a DNA fragment that 
codes for the transferrin binding protein B (TbpB) of 
Piscirickettsia salmonis or an immunogenic region thereof, 
inserted in a suitable plasmid vector for expressing the 
protein and generating an immune response to Piscirickettsia. 
salmonis in vertebrates. 

2. DNA vaccine according to Claim 1, characterized in 
that said DNA fragment corresponds to the nucleotide sequence 
SEQ ID No . 1 or a fragment thereof . 

3. DNA vaccine according to Claim 1, characterized in 
that said DNA fragment corresponds to a nucleotide sequence 
that gives rise to the same protein or protein fragment as 
SEQ ID No. 1, using various codons, preferably the codons 
most used by the vertebrate organism that is to be 
vaccinated. 

4. DNA vaccine according to Claim 1, characterized in 
that said transferrin binding protein B derived from 
Piscirickettsia salmonis corresponds to the amino acid 
sequence SEQ ID No. 2 or an immunogenic region thereof. 

5. DNA vaccine according to Claims 1 to 4, 
characterized in that said suitable plasmid vector has the 
following characteristics: a) a strong promoter, usually of 
the viral type that is not tissue-specific; b) a cloning site 
for insertion of the gene of interest; c) a polyadenylation 



site for stopping the transcription of the messenger RNA; d) 
a prokaryotic replication origin for efficient propagation in 
cultures of E. coli; and e) a selection marker. 

6. DNA vaccine according to Claim 5, characterized in 
that said plasmid vector is the plasmid pUK21-A2 or some 
other with similar characteristics. 

7. DNA vaccine according to Claims 1 to 6, 
characterized in that said vertebrate corresponds to an 
aqua culture species . 

8. DNA vaccine according to Claim 7, characterized in 
that said aquaculture species is the Coho salmon, 

9. DNA vaccine according to Claim 7, characterized in 
that said aquaculture species is the Atlantic salmon. 

10. DNA vaccine according to Claim 7, characterized in 
that said aquaculture species is the Chinook salmon. 

11. DNA vaccine according to Claim 7, characterized in 
that said aquaculture species is the trout. 

12. DNA vaccine according to Claims 1 to 11, 
characterized in that said vaccine is administered by 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying or dipping. 

13. DNA vaccine according to Claims 1 to 12, 
characterized in that said vaccine additionally includes a 
suitable adjuvant. 
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14. DNA vaccine according to Claims 1 to 13, 
characterized in that said vaccine additionally includes a 
pharmaceutical ly acceptable carrier. 

15 . Method of detecting the presence of antibodies to 
the transferrin binding protein B of P. salmonis generated by 
the DNA vaccine according to Claims 1 to 14, characterized in 
that after a time blood is taken from the vaccinated 
vertebrate and the serum is analyzed for the presence of 
antibodies to the transferrin binding protein B by ELISA or 
some other method known in the prior art for the detection of 
antibodies - 

16. Method of preparation of the DNA vaccine against 
Piscirickettsia salmonis, which comprises the following 
stages : 

a) Cloning the DNA fragment that codes for the transferrin 
binding protein B of Piscirickettsia salmonis SEQ ID No. 2 or 
an immunogenic region thereof. 

b) Inserting it in a suitable plasmid vector for expressing 
the protein and inducing an immune response to 
Piscirickettsia salmonis in vertebrates. 

17. Method according to Claim 16, characterized in that 
said DNA fragment corresponds to the nucleotide sequence SEQ 
ID No . 1 or a fragment thereof . 

18. Method according to Claim 16, characterized in that 
said DNA fragment corresponds to a nucleotide sequence that 
gives rise to the same protein or protein fragment as SEQ ID 
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No. 1, using various codons, preferably the codons most used 
by the vertebrate organism that is to be vaccinated. 

19. Method according to Claim 16, characterized in that 
said transferrin binding protein B of Piscirickettsia 
sa.lmon.is corresponds to the amino acid sequence SEQ ID No. 2 
or an immunogenic region thereof . 

20. Method according to Claims 16 to 19, characterized 
in that said suitable plasmid vector has the following 
characteristics: a) a strong promoter, usually of the viral 
type that is not tissue-specific; b) a cloning site for 
insertion of the gene of interest; c) a polyadenylation site 
for stopping the transcription of the messenger RNA; d) a 
prokaryotic replication origin for efficient propagation in 
cultures of E. coli; and e) a selection marker. 

21. Method according to Claim 20, characterized in that 
said plasmid vector is the plasmid pUK21A2 or some other with 
similar characteristics. 

22. Method according to Claims 16 to 21, characterized 
in that said vertebrate corresponds to an aquaculture 
species , 

23. Method according to Claim 22, characterized in that 
said aquaculture species is the Coho salmon. 

24. Method according to Claim 22, characterized in that 
said aquaculture species is the Atlantic salmon. 

25. Method according to Claim 22, characterized in that 
said aquaculture species is the Chinook salmon. 
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26. Method according to Claim 22, characterized in that 
said aquaculture species is the trout. 

27. Method according to Claims 16 to 26, characterized 
in that said vaccine is administered by suitable techniques, 
selected from the group comprising intramuscular injection, 
spraying or dipping. 

28. Purified DNA segment to be used for the production 
of a vaccine against Piscirickettsia salmonis in vertebrates, 
which codes for the transferrin binding protein B of 
Piscirickettsia salmonis SEQ ID No. 2 or an immunogenic 
region thereof. 

29. Purified DNA segment according to Claim 28, 
characterized in that it corresponds to the nucleotide 
sequence SEQ ID No. 1 or a fragment thereof. 

30. Purified DNA segment according to Claim 28, 
characterized in that it corresponds to a nucleotide sequence 
equivalent to SEQ ID No. 1, in accordance with the genetic 
code or a fragment thereof . 

31- Use of the purified DNA segment according to Claims 

2 8 to 30, characterized in that it is used for preparing a 
medicinal product for inducing an immune response to 
Piscirickettsia salmonis in vertebrates. 

32. Use of the purified DNA segment according to Claim 

31. characterized in that said vertebrate corresponds to an 
aquaculture species . 
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33. Use of the purified DNA segment according to Claim 
32, characterized in that said aquaculture species is the 
Coho salmon. 

34. Use of the purified DNA segment according to Claim 
32 , characterized in that said aquaculture species is the 
Atlantic salmon. 

35. Use of the purified DNA segment according to Claim 
32, characterized in that said aquaculture species is the 
Chinook salmon. 

36. Use of the purified DNA segment according to Claim 
32, characterized in that said aquaculture species is the 
trout . 

37. Recombinant vaccine. for inducing an immune response 
to Piscirickettsia salmonis in vertebrates produced using the 
DNA segment according to Claims 28 to 30, characterized in 
that the transferrin binding protein B of Piscirickettsia 
salmonis or an immunogenic region thereof is produced using 
an expression vector and a suitable host. 

38. Recombinant vaccine according to Claim 37, 
characterized in that said vertebrate corresponds to an 
aquaculture species . 

39. Recombinant vaccine according to Claim 38, 
characterized in that said aquaculture species is the Coho 
salmon. 
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40. Recombinant vaccine according to Claim 38, 
characterized in that said aquaculture species is the 
Atlantic salmon, 

41. Recombinant vaccine according to Claim 38, 
characterized in that said aquaculture species is the Chinook 
salmon* 

42. Recombinant vaccine according to Claim 38, 
characterized in that said aquaculture species is the trout. 

43. Recombinant vaccine according to Claims 37 to 42, 
characterized in that said expression vector is a plasmid or 
other DNA construct capable of expressing the transferrin 
binding protein B of P. salmonis in a suitable host. 

44. Recombinant vaccine according to Claim 43, 
characterized in that said plasmid is the vector pET32a. 

45. Recombinant vaccine according to Claims 37 to 44, 
characterized in that said host is a microorganism, an insect 
cell or an animal cell. 

46. Recombinant vaccine according to Claim 45, 
characterized in that said host is preferably E. coli. 

47. Recombinant vaccine according to Claims 37 to 46, 
characterized in that said vaccine is administered by- 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying and dipping. 

48. Recombinant vaccine according to Claims 37 to 46, 
characterized in that said vaccine additionally includes a 
suitable ad j uvant . 
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49. DNA vaccine according to Claims 37 to 48, 
characterized in that said vaccine additionally includes a 
pharmaceutical ly acceptable carrier. 

50. Method for detecting the presence of antibodies to 
TbpB generated by the recombinant vaccine according to Claims 
3 7 to 49, characterized in that after a time blood is taken 
from the vaccinated vertebrate and the serum is analyzed for 
the presence of antibodies to the transferrin binding protein 
B of P. salmonis by EL ISA or some other method known in the 
prior art for the detection of antibodies. 
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Una vacuna de ADN para generar respuesta inmune contra Piscirickettsia saimonis en 
vertebrados, especialmente en especies de acuicuftura, tales como el salm6n Coho 
(Oncorhynchus kftsuch), el salmon del Atldntico (Saimo salaty, el salmdn Chinook (O. 
tshawytscha) o la trucha (O. mykiss), basada en un fragmento de ADN que codifica para la 
protefna B de unidn a transferrina. El procedimiento de preparacion de esta vacuna de ADN 
contra Piscirickettsia saimonis, que comprende las siguientes etapas: a) Clonar el fragmento de 
ADN que codifica para la protefna B de union a transferrina de Piscirickettsia saimonis o una 
region inmunog6nica de 6sta. b) Insertarto en un pidsmido vector adecuado para generar 
respuesta inmune contra Piscirickettsia saimonis en vertebrados. 

La invenci6n tambten describe la utiizacion de este fragmento de ADN en la produccion de una 
vacuna gen&ica contra Piscirickettsia saimonis en vertebrados y una vacuna basada en una 
protefna recombinante preparada a partir de este fragmento. 
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MEMORIA DESCRIPTIVA 

CAMPQ DE LA INVENCION.- 

La presente invenci6n se refiere a una vacuna de ADN para generar respuesta inmune 
contra Piscirickettsia salmonis en vertebrados, especialmente en especies de 
acuicultura, tales como el salm6n Coho, el salm6n del Atlantico, el salm6n Chinook o la 
trucha, basada en un fragmento de ADN que codifica para la protefna B de union a 
transferrina, y su procedimiento de preparaci6n. La invenci6n tambiSn describe un 
segmento de ADN util en la producci6n de una vacuna contra Piscirickettsia salmonis en 
vertebrados y una vacuna basada en una protefna recombinante preparada a partir de 
este oligonucle6tido 

ANTECEDENTES 

DESCRIPCIQN DE LQ CQNOCIDQ EN LA MATERIA 
Sfndrome Rickettsial del salmbn (SRS) 

La bacteria intracelular Piscirickettsia salmonis, causante de la enfermedad llamada 
Sfndrome Rickettsial del Salmon (SRS), ha sido desde un poco antes de su 
identificaci6n (Fryer y col., 1990) un creciente problema para la industria salmonera 
chilena. Lo que inicialmente se describfa como una patologfa que afectaba s6lo al 
salm6n Coho, se extendi6 a la trucha y al salm6n del Atl&ntico. Pero, no solamente la 
extensi6n de la enfermedad a las otras especies salm6nidas cultivadas en el pais fue la 
causa del empeoramiento de la situaci6n, sino que durante la d6cada pasada esta 
enfermedad fue adquiriendo m£s fuerza y afio tras ano, las mortalidades relacionadas a 
ella, los costos en tratamiento y, los efectos en la productividad y en la calidad del 
producto final han aumentado. 

Las medidas de mitigaci6n de la enfermedad utilizadas en los centros de cultivo hoy en 
dfa est&n basadas principalmente en el tratamientos con antibi6ticos y otras medidas de 
manejo tales como la aplicaci6n de periodos de descanso entre ciclos productivos, para 
asf evitar la transmisi6n horizontal, en el uso de algunos inmunoestimulantes 
disponibles en el mercado, y en la Iimitaci6n de la transmision vertical, a travSs de 
costosos procedimientos de selecci6n de reproductores. En ausencia de vacunas 
efectivas, las acciones enumeradas son las unicas armas que el acuicultor ha usado 
para limitar los efectos de la enfermedad. V: 



Todos estos procedimientos no estan totalmente desarrollados, ni totalmente 
incorporados a las metodologfas de producci6n, y en algunos casos no son aplicados 
completamente o correctamente. Todo esto se suma a ia aparici6n de cepas de 
Piscirickettsia de mayor virulencia, y la interacci6n con las otras enfermedades 
bacterianas, virales y parasitarias que se han ido agregando ano a ano a la lista de 
enfermedades con las que el acuicultor debe lidiar. Esto explica que la situaci6n s6lo 
haya ido empeorando a trav6s de los aftos. 

El Sfndrome Rickettsial del Salm6n sigue sin una soluci6n sOlida. Los tratamientos con 
antlbldtlcos se estan haclendo cada vez menos efectivos. Su aplicaci6n exitosa es 
incierta y s6lo hay respuesta cuando se aplican muy tempranamente y, en muchos 
casos, el suministro inyectable del antibi6tico es la unica soluci6n factible. En el 
mediano plazo, la unica soluci6n viable sera la utilizaci6n de vacunas para la 
inmunizaci6n de los peces, previo a su exposici6n a las condiciones de cultivo marino, 
donde la propagaci6n horizontal de la enfermedad es muy eficiente, ya que la 
sobrevivencia de la bacteria en agua dulce es muy baja. 

Las vacunas existentes en el mercado, consisten en bacterinas de uso restringido y con 
escasa documentaci6n acerca de su efectividad. Ademas, la produccion de bacterinas 
para SRS es de alto costo, debido a la complejidad del sistema de cultivo del patogeno. 
La produccion in vitro de Piscirickettsia, una bacteria intracelular estricta, requiere la 
inoculaci6n de la bacteria sobre un cultivo de la Ifnea celular apropiada. El hecho de 
que estas bacterinas sean producidas en los sistemas complejos ya descritos, tiene 
efectos en el nivel de control sobre los antfgenos producidos, asf es posible que las 
bacterias cosechadas no contengan los antfgenos o no los contengan en el nivel 
requerido para inducir la protecci6n deseada. Una alternativa a las bacterinas es la 
producci6n dirigida de antfgenos, a traves de la clonacidn de los genes que codifican 
los antfgenos deseados del pat6geno en una bacteria mas simple de cultivar, para 
producir los antfgenos. La producci6n de vacunas a traves de esta tecnica da origen a 
lo que se conoce como vacunas de ADN recombinante. Hay dos posibles 
presentaciones para este tipo de vacuna, la suspensi6n de celulas atenuadas en algun 
tipo de coadjuvante apropiado (generalmente de tipo oleoso), o la suspensi6n de los 
antfgenos fraccionados a partir de la bacteria cultivada en un coadjuvante apropiado. 
En ambos casos es esperable tener algunos efectos secundarios post vacunaci6n, que 
se manifiestan como una disminuci6n del crecimiento durante unas semanas, posterior 
a la vacunaci6n, y a ciertas adherencias peritoneales, que podrfan afectar la calidad y/o 
el crecimiento de los peces. La ultima generaci6n en-v^cunas son las de ADN, que 




consisten en la inyecci6n de cantidades mfnimas de material gen<§tico que codifique 
antfgenos especfficos del pat6geno. De esta manera, el hu6sped comienza a producir 
in-situ los antfgenos codificados. El material gen6tico introducido tendr& una vida media 
de unos dfas, despu^s de lo cual desaparece , tras cumplir su funci6n. 

anAlisis del estado de lat£cnica 

Vacunas an aculcultura, vacunaa para SRS 

Antecedentes aenerales 

En la actualidad, la industria salmonera nacional se ha consolidado como una 
importante fuente de divisas para el pais, generando empleo y permitiendo el 
surgimiento de otras empresas relacionadas con el sector. En 1998, la producci6n neta 
nacional de salmones y truchas alcanzd un volumen de 181.600 toneladas, generando 
divisas por un monto de US$ 713,5 millones (ver Salmonoticias N Q 72; p&g. 4-6; 1999). 
Sin embargo, esta actividad no ha estado exenta de problemas, a la acusaci6n de 
dumping y a la brusca cafda del mercado japon6s, principal destino del salm6n chileno, 
hay que sumar las p6rdidas econ6micas que se producen debido a la muerte de los 
salmones. La mortalidad de los salmones en cautiverio se debe a diversos factores, 
entre los cuaies se pueden mencionar la acci6n de la fauna depredadora, malos 
procedimientos sanitarios, y la alta densidad de peces por jaulas. No obstante, son las 
enfermedades, y principalmente las causadas por agentes infecciosos, las que se 
destacan por provocar p^rdidas masivas (ver Salmonoticias N Q 71; p&g. 12-13 y N Q 72; 
p&g 18-19; 1999). Actualmente los ejemplares producidos en Chile, se encuentran 
asediados principalmente por microorganismos tales como Renibacterium 
salmoninarum, agente causante de BKD (Bacterial Kidney Disease) y otro de naturaleza 
rickettsial como la Piscirickettsia salmonis que es el agente causante del sfndrome 
rickettsial de salmonfdeos, patologfa que sin duda ha provocado las mayores pgrdidas a 
la industria salmonera en Chile. La cantidad de dinero que se pierde debido a esta 
enfermedad se ha evaluado en m£s de US$ 100 millones anuales, si se incluyen tanto 
los costos directos en t6rminos de mortalidades, tratamiento, alimentacion, asf como la 
p6rdida de ganancias potenciales (Obach A., y cols. ,1998). Otro agente infeccioso que 
est& causando problemas en este sector es un virus perteneciente al g6nero 
Birnaviridae conocido como Virus de la Necrosis Pancre&tica Infecciosa (IPNV) (Bruno 
D., y Poppe T., 1996). Este virus posee un ARN de doble hebra y que provoca un serio 
cuadro clfnico en los peces infectados, produciendo sustanciales mortalidades (Bustos 




P., y cols., 1999). M£s recientemente, existe temor sobre la aparici6n de otro virus 
causante de la anemia infecciosa de salmones o ISAV (ver Salmonoticias N 2 71 ; p£g. 
11; 1999 y Cassigoli J., 1999). Finalmente los agentes mic6ticos, tales como los 
pertenecientes al g6nero Saprolegnia, tambten son una constante amenaza a todas las 
especies de salmonfdeos cultivados en Chile (Enrfquez R.,1999). 

El Sfndrome Rickettsial del Salm6n se present6 por primera vez en el ano 1989 en el 
sur de Chile y fue reportada en salmones Coho (Oncorhynchus kitsutch), pero luego se 
encontrd que tambten afectaba al salmbn Atl6ntico (Saimo salat), salm6n Chinook (O. 
tshawytscha), trucha arcoiris (O. mykiss), entre otras especies de salmonfdeos (Bravo y 
Campos, 1989). Los signos clfnicos que caracterizan a un pez afectado con Sfndrome 
Rickettsial son el nado en la superficie del agua, letargia, anorexia, orillamiento, choque 
contra las paredes de las jaulas y oscurecimiento de la piel. Las lesiones macrosc6picas 
externas m£s relevantes incluyen descamaci6n, palidez branquial, hemorragias 
equim6ticas y petequias en la base de las aletas, n6dulos y ulceras en la piel, y los 
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niveles de hematocrito reflejan una severa anemia (Elizalde J., 1993). Mediante an&lisis 
anatomopatol6gico de la cavidad abdominal, es frecuente encontrar la presencia de 
Ifquido ascftico, reno y esplenomegalia, n6dulos blanquecinos en el hfgado, presencia 
de una pseudomembrana en el coraz6n y hemorragias petequiales en el est6mago, 
intestino, vejiga natatoria, muscular y grasa visceral. En la mayorfa de los casos, el 
intestino est& lleno con un contenido mucoso amarillento y el est6mago con un Ifquido 
transparente seromucoso. Desde el punto de vista histopatol6gico las lesiones 
principales corresponden a necrosis en diversos 6rganos y tejidos, siendo los m£s 
afectados el rifi6n, hfgado, intestino y cerebro. Adem£s se puede encontrar macr6fagos 
conteniendo microorganismos dentro del citoplasma (Larenas y cols., 1998). 

El agente etiol6gico de este sfndrome, fue identificado por primera vez en 1990 por 
Fryer (Fryer y col., 1990); pero s6lo en 1992 se pudo establecer de modo m&s 
especffico la relaci6n de esta bacteria con otras especies de rickettsias, determinando 
mediante la secuencia del gen del ARN 16S el origen de un nuevo g6nero y una nueva 
especie que se denomin6 Piscirickettsia salmonis (ATCC UR 1361) (Fryer y col., 1992; 
Fryer y Mauel, 1997). La bacteria se caracteriza por ser Gram negativa, pleom6rfica, 
inmdvil, no encapsulada, cocoide, con un tamaho variable entre 0,5 -1,5 \xm. En cultivo, 
este pat6geno s6lo crece en Ifneas celulares de salm6n, tal como celulas CHSE-214, 
dentro de vacuolas citoplasm&ticas asociada a otras fprmando agregados de bacterias, 
aunque tambten se ha observado como argollas aisladas. Presenta tinci6n con reactivo 
de Giemsa, Hematoxilina-Eosina, Azul de metileno, entre ottos. Mediante microscopfa 



electr6nica se ha podido observar que esta bacteria presenta dos membranas, una 
externa ondulada y una interna citoplasmatica, lo cual se ha observado en otros 
agentes rickettsiales. Mediante esta misma tecnica, se ha podido demostrar la 
presencia de estructuras similares a ribosomas cerca de la membrana plasmatica, un 
ADN fibrilar en la regi6n central y estructuras esfericas electrondensas (Larenas y col., 
1998). 

Medidas de prevenci6n 

En la actualidad el SRS ha sido controlado parcialmente mediante el uso de antibi6ticos 
los cuales no han resultado ser totalmente efectivos en el combate de la enfermedad. 
Entre los antibi6ticos con mejores perspectives para el tratamiento del SRS, estan las 
quinolonas, por su amplio espectro, baja CMI y acci6n intensamente bactericida. Sin 
embargo, estos farmacos tienen efectos colaterales, tales como la generaci6n de 
resistencia de los pat6genos, toxicidad, hipersensibilidad e inmunosupresi6n (Arriagada 
R., 1996). El uso de antibidticos tiene problemas que se relacionan con regulaciones 
aprobadas en 1997 por la FDA de los Estados Unidos de Norteamerica y por la 
Comunidad Econ6mica Europea que exigiran que todos los productos provenientes de 
la acuicultura deberan llegar a sus respectivos mercados sin residues de antibi6ticos. 
Esto sin duda que sera un problema para los productores chilenos si se piensa que en 
Chile se destina el 80 % de los antibi6ticos disponibles en el mercado nacional al 
combate de la P. salmonis (ver Aquanoticias N fi 37; pag. 20; 1997). 

Bacterinas v vacunas a base d e protefnas recombinantes. 

Recientemente, Smith y col., (1997) describieron los. resultados de protecci6n parcial 
obtenidos al inmunizar salmones Coho con una bacterina clasica para P. salmonis, 
preparada con la cepa ATCC del pat6geno crecido en cedulas CHSE-214 y 
posteriormente fijado con paraformaldehfdo. Los peces fueron desafiados en forma 
natural, esto es transfiriendolos luego de la esmoltificaci6n a un sitio con 
piscirickettsiosis end6mica. 

Gaggero present6 en 1995 una solicitud de Patente Chilena (Gaggero, 1995) referida a 
un procedimiento de obtenci6n de una vacuna contra el s.'ndrome rickettsial del salm6n 
producido por la bacteria Piscirickettsia salmonis. El metodo descrito en esa solicitud de 
patente comprende un proceso de produccidn de una vacuna inactivada, del tipo 
bacterina. Para elio inicialmente debe propagarse la bacteria en cultivos celulares de 



paces y una vez purificada, se ina<*lva y se dUuye en un disolvente adecuado, 
quedando lista para su uso inyectable. 

Otra posibiHdad son las vacunas basadas en protefnas recombinants Si se logra 
identificar antfgenos invo.ucrados en la respuesta inmune humora. ^ 
salmonfdeoa contra P. saimonis, es posible, usando la metodo.og.a de B.o.og.a 
Molecular, c.onar y expresar estas mo.ecu.as en vectores apropiados, ya sea en 
bacterias, .evaduras o ce.u.as an.ma.es, para posteriormente estud.ar su caracter 
protective. Este tipo de procedim.entos ha side emp.eado en e. estudio de numerosas 
patologfas que afectan a los humanos y entre e.las, algunas de las enfermedades que 
son provocadas por bacterias de. genero Rickettsia. 

En e. case de .a fiebre de los matorra.es, producida por la ft tsutsugamushi, se ha 
determinado la presencia de dos polypeptides, de masas mo.ecu.ares de 56 y 58 Kd 
localizados en la superficie de la bacteria, .os que serfan predominantes en .a .nfecc.bn 
(Tamura y co... 1985) y cuyos genes han side c.onados (Stover y cel., 1990 a). En e. 
case de .a fiebre de .a Montanas Rocosas, producida por la ft nckettsn, se ha 
identificado y c.onado e. gen para una protefna de 155 KD, .oca.izada en .a pared 
ce.u.ar de la bacteria y mediante anticuerpos monoc.ona.es se ha determmado .a 
presencia de epftopos sensib.es a. ca.or. Este antfgenb, a. ser inocu.ado en ratones, .os 
protege de. efecto .eta. de .a bacteria (McDona.d y co.., 1987). Es interesante destacar, 
que una protefna ana.oga de 155 Kd, ha s.do identificada en Rickettsia conori, y e. gen 
que .a codifica se ha Conado y expresado en E. coii. A. inocu.ar cobayos con un hsado 
de .a bacteria recombinante, se obtiene protecci6n a .a infecci6n con .a cepa hom6.oga 
de Rickettsia conorii y tambien protecci6n parc.a. a la infecc.6n experimenta. con una 
cepa heter6loga como es Rickettsia rickettsii (Vishwanath y col., 1 990). 

Vacunas. de ADN 

El desarrono de nuevas estrateg.as de vacunac.6n contra P. saimonis se justifica por el 
hecho de que a la fecha la enfermedad no ha s.do contro.ada y solo existe una vacuna 
comercia. tipo bacterina con registro a. dfa, pero cuyos resu.tados son controversies 
para los expertos en salud animal abocados a. tema del SRS (ver Aquanoticias N 47, 
pag 7- 1999). Existen varies vacunas en etapa experimental, cinco de e..as son de. t^po 
bacterlnas, una protefna ais.ada (antfgeno purificado) y una basada en ADN 
recombinante (ver Aquanoticias N* 47; pag. 9; 1999). La producci6n de una vacuna t.po 
bacterina, involucre el cultivo, la purificac.6n y posterior inac|vaci6n de la bactena. 



proceso de cultivo puede tomar hasta 2 semanas cuando no hay probiemas de 
contaminaci6n, hecho que no es trivial cuando se trata de cultivar una bacteria que en 
cultivo celular es practicamente sensible a todos los antibi6ticos. El proceso de 
purificaci6n es costoso, lento e inadecuado para un escalamiento como el que se 
requerirfa para una vaounacldn maslva de mlllones de salmones. Tambien se ha 
demostrado que una vacunacl6n con bacterinas requiere de adyuvantes para la 
potenciaci6n de la respuesta inmune del pez y de dosis adicionales de refuerzo, 
situaci6n que produce rechazo en los salmonicultores porque implica una doble 
manipulaci6n de los peces lo cual puede generar un estres tan alto que puede provocar 
mortalidades mayores a las que se pueden producir con un posible brote de SRS (ver 
Aquanoticias N° 47; pag. 8; 1999). Ademas, no se conocen trabajos en que se 
demuestre que las bacterinas son capaces de inducir inmunidad celular, lo cual es muy 
importante cuando se trata de pat6genos de vida intracelular como lo es P. salmonis. 
Por otro lado, vacunar con antfgenos puros tambien plantea probiemas, entre ellos se 
puede mencionar el hecho de que por tratarse de protefnas usualmente obtenidas a 
partir de ADN recombinante son clonadas y expresadas en microorganismos, 
generalmente producidas dentro de cuerpos de inclusi6n, desde donde deben 
recuperarse y purificarse, proceso que toma tiempo y eleva los costos de producci6n. 
Las protefnas ademas, una vez que son obtenidas deben mantenerse en Mo para su 
6ptimo funcionamiento, y este ultimo hecho las hace poco viables en regiones donde se 
carece de sistemas de cadena de frfo. Otros sistemas de vacunaci6n, tales como los 
basados en vectores virales presentan el inconveniente de que pueden ser 
ineficientemente atenuados y revertir hacia una cepa virulenta (Hilleman R., 1995). 
Ademas, debido a que requieren integrarse al genoma del huesped pueden provocar 
mutaciones indeseables (Kurth, R., 1995). 

La tecnologfa de vacunaci6n con acidos nucleicos se refiere al procedimiento mediante 
el cual se induce una respuesta inmune a una protefna expresada "in vivo" luego de la 
introducci6n de una secuencia oligonucleotide que codifica para esta protefna. Esta 
tecnologfa es radicalmente diferente a las vacunas clasicas que contienen el material 
inmunogenico, ya sea en la forma de un agente patogenico inactivado o mas 
recientemente como una subunidad del agente patogenico, sea este purificado a partir 
del pat6geno o producido por ADN recombinante o mediante sfntesis qufmica de 
peptidos. La posibilidad de desarrollar vacunas basadas en acidos nucleicos naci6 en 
1990 cuando Feigner y sus colaboradores (Wolff y cols., 1990) describieron que la 
inyeccidn de genes reporteros en celulas musculares, resultaba en la expresi6n de las 
protefnas codificadas por el material genetico. Dos aftos mas tarde Tang y 




colaboradores (Tang y cols., 1992) demostraron que la inmunizaci6n de animates con 
microesferas de oro coloidal recubiertas con ADN plasmidial resultaba en la aparici6n 
de una respuesta inmunog6nica de los animales hacia las protefnas codificadas por el 
ADN inyectado. Posteriormente Ulmer y colaboradores (Ulmer y cols., 1993) 
demostraron que la inmunizaci6n de los animales con ADN codificador de protefnas del 
virus de la influenza inducfan una inmunidad protectiva contra el patbgeno. En esos 
experimentos los ratones fueron inmunizados con ADN plasmidial que contiene un 
inserto codificador de las protefnas del virus, los cuales desarrollaron una respuesta 
inmune humoral y celular suficiente para proteger a los animales de un desaffo letal con 
el virus influenza. Recientemente, varios investigadores han reportado la eficacia de las 
inmunizaciones con ADN para provocar respuestas inmunes protectivas en modelos 
animales de varias enfermedades infecciosas algunas de las cuales incluyen pat6genos 
intracelulares como P. salmonis. Entre estas se incluyen influenza (Ulmer y cols., 1993; 
Montgomery y cols., 1993; Robinson y cols., 1993), (Xiang y cols. ,1994), malaria 
(Sedegah y cols., 1994; Hoffman y cols., 1995), leishmaniasis (Xu y Liew., 1994), virus 
papiloma (Donnelly y cols., 1995), herpes (McClements, 1995; Rouse, 1995), 
tuberculosis (Lozes E. y cols; Lowrie D., y cols. 1997) y virus herpes de bovino (Babiuk 
y cols., 1995). 

Las vacunas de &cidos nucleicos pueden estar basadas en ARN o en ADN, aunque la 
gran mayorfa de los estudios realizados en animales hasta hoy en dia se han basado 
en ADN. A pesar de que el ARN mensajero es sin duda m&s atractivo desde el punto de 
vista de la baja posibilidad de integracidn en el genoma, no parece ser el vehfculo de 
preferencia debido a su inestabilidad y mayor dificultad de produccion. 

Dos factores deben tomarse en cuenta al considerar que tipo de tejido es el optimo para 
inmunizaciones con vacunas de ADN, como son el nivel de antfgeno expresado y la 
accesibilidad del antfgeno al sistema inmune. La cantidad de antfgeno producido 
depended de la cantidad de ADN incorporada a las celulas, la cual a su vez depende 
del tipo de c6lulas y de la formulaci6n del ADN. El nivel de expresion depended en 
parte de la actividad o potencia del promotor y de otros elementos gen6ticos que 
optimizen la transcripci6n y la traducci6n presente en el vector. Para un mismo 
promotor, esta actividad puede variar en diferentes tejidos. Los vectores de expresi6n 
poseen un promotor eficiente, los cuales son usualmente promotores virales tales como 
los del Citomegalovirus humano, Virus de simios 40 (SV40), Virus del Sarcoma de Rous 
(RSV). Estos promotores no son tejido especffico, tienen expresion constitutiva, y 
pueden ser sustituidos por elementos promotor/enhancers especie y tejido-especfficos 
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como es el caso del gen de la 0-actina de carpa Cyprinus carpio (Liu Z. y col., 1990). 
Ademas, de una regi6n que contiene secuencias para multiples cortes con varias 
enzimas de restricci6n, los vectores poseen un sitio de poliadenilaci6n, para aumentar 
la estabilidad del ARNm. Con este fin, usualmente se usa la secuencia de 
poliadenilacidn del gen de la hormona de crecimiento de bovino, BGHpA (Donnelly J., y 
cols., 1997). Tambien deben poseer un origen de replicacidn procari6tico, para la 
eficiente propagaci6n del plasmidio en celulas de E. coli competentes. Los marcadores 
de seleccion mas usuales que llevan los vectores de expresidn plasmidiales utilizados 
en vacunas de ADN son Ampicilina o Kanamicina. Experimentalmente se ha encontrado 
que si entre la regi6n promotora y la secuencia de poliadenilacidn se coloca un intron 
(secuencia no codificante) se aumenta varias veces la eficiencia de expresi6n del vector 
(Barry M., y Johnston S., 1977). 

La accesibilidad del antfgeno al sistema inmune es otra variable importante y que 
dependera de su presentaci6n. Para inducir una respuesta de tipo humoral, el antfgeno 
debera ser presentado en la superficie de la celula transfectada con el ADN o secretada 
y procesada por celulas presentadoras de antfgeno, lo cual dependera del tipo de 
vector utilizado. Para provocar una respuesta celular, debera inducirse una 
presentaci6n adecuada de peptidos derivados del antfgeno por moleculas codificadas 
por el MHC del sistema hospedero. (Donnelly J., y cols., 1997), (Sewell A., y cols., 
1999; Whitton J., y cols., 1999). 

La transferencia de acidos nucleicos al animal o individuo vacunado puede ser llevada a 
cabo de varias maneras. La formulaci6n mas comunmente usada es la transferencia de 
ADN plasmidial o de ADN contenido en un vector viral (adenovirus, retrovirus, vaccinia, 
herpes, etc.). El ADN plasmidial ofrece varias ventajas potenciales ya que es muy 
estable y mas facil de preparar en forma reproducible. Ademas, en contraste con los 
vectores virales, el ADN plasmidial esta usualmente disehado para permanecer en 
forma episomal, es decir, sin capacidad para integrarse al genoma del animal. Muchos 
de los vectores virales en general requieren de integraci6n al genoma lo que podrfa 
resultar en activaci6n de oncogenes o en inactivaci6n de genes supresores de tumores. 
(Nichols y cols., 1995). Una de las rutas de inmunizacion con ADN mas estudiadas ha 
sido la inyeccion directa de material genetico al tejido muscular. Por ejemplo, Davis y 
colaboradores (Davis y cols., 1993) han demostrado que una sola inyecci6n de ADN 
codificador del antfgeno de superficie del virus de la hepatitis B, en musculo esqueletico 
de rat6n, induce una rapida, potente y sostenida respuesta inmune humoral y celular. A 
pesar de la baja eficiencia de la transferencia gertetica^emmusculo maduro, esta es 
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suficiente para los prop6sitos de Inmunizacibn. Por ejemplo, una inyecci6n de solo 10 
microgramos de ADN en el musculo de la tibia anterior de rat6n, induce anticuerpos en 
un nivel superior a las 10 mlU/mL, nivel considerado suficiente para conferir inmunidad 
protective en humanos (Davis H., y cols., 1993). Se ha observado que la potencia de la 
respuesta inmunoldgica este claramente relacionada con la dosis de la vacuna y con la 
eflclencia de la transfecci6n. Asf, mStodos que mejoran la incorporaci6n de ADN a las 
cdlulas mejoran la respuesta inmunol6gica. Por ejemplo, la inyecci6n de ADN en 25% 
sacarosa resulta en un aumento de cien veces en el nivel de anticuerpos (Davis y cols., 
1993). Estos autores tambten han demostrado que la respuesta inmune obtenida como 
resultado de inmunizaci6n por ADN es persistente, demostr£ndose que el nivel de 
anticuerpos obtenido se mantiene por lo menos por 17 semanas luego de una sola 
inyecci6n de ADN. 

Una variacibn tecnol6gica muy interesante ha sido descrita recientemente por Johnston 
y colaboradores (Barry y cols., 1995; Johnston y Barry, 1997). Estos autores 
desarrollaron un m6todo para la obtencibn de vacunas de ADN, basado en la 
inmunizaci6n con genotecas de expresi6n, las que potencialmente codifican todas las 
protefnas del agente infeccioso. Esto permite desarrollar vacunas incluso contra 
pat6genos sobre los cuales se conoce muy poco de antfgenos protectivos, ya que no es 
necesario saber que genes del pat6geno estan asociados a inmunidad. Johnston y 
colaboradores demostraron que la inmunizaci6n de ratones con genotecas de expresi6n 
obtenidas a partir de ADN gen6mico completo de Mycoplasma pulmonis, un patogeno 
natural de roedores, era capaz de desarrollar inmunoprotecci6n contra un desaffo con el 
pat6geno. Esta tecnologfa se basa en que todos los antfgenos del pat6genos estan 
codificados finalmente en su genoma. Por esto el mStodo involucra hacer una genoteca 
de expresi6n del genoma del pat6geno en vectores adecuados que permiten la 
expresidn de los potenciales genes antig6nicos o de parte de ellos que hayan logrado 
clonar. Este genoma puede ser luego reducido en sucesivas etapas de fraccionamiento 
hasta llegar a plasmidios protectivos individuales. Por ello, este enfoque permite 
tambten descubrir genes candidatos individuales y utilizarlos como vacunas 
recombinantes. El asunto crftico en la aplicacion de una inmunizacion con genotecas de 
expresi6n, es su sensibilidad. Por ejemplo, para cubrir el genoma de un patbgeno 
bacteriano de 3 x 10 6 pb en fragmentos de 500 pb requeriria aproximadamente de 
6.000 clones. Pero, solamente 1/6 de dstos estarfa en el marco y direccion correcta. De 
modo que un equivalente de expresidn requeriria de 36.000 clones. Por ultimo, es 
importante destacar que en peces (Kanellos y cols., 1999) y, especificamente en carpas 
(Cyprinus carpio), en truchas (Oncorhynchus 
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auratus L.), ha sido descrita la metodologi'a para expresar genes ex6genos inyectados 
intramuscularmente (Hansen y cols., 1991; Anderson y cols., 1996a y Russell y cols., 
1998, respectivamente.). En el segundo caso adem£s, el grupo de Anderson ha 
demostrado que las truchas inyectadas en la musculatura esquel^tica, con un plasmidio 
que contiene los genes que codifican para protemas del virus de la necrosis 
hematopoy^tica infecclosa (IHNV) y que est£n bajo el control de un promotor de 
citomegalovirus, producen anticuerpos neutralizantes los cuales confieren proteccion a 
las truchas cuando son desafiadas con IHNV (Anderson y cols., 1996b). 

Herrmann, et al. (United States Patent 6,165,993) describen una aplicacion concreta de 
las vacunas de ADN para generar respuesta inmune contra rotavirus en diferentes 
vertebrados. 

Para el caso particular de la aplicaci6n de las vacunas de ADN contra enfermedades 
rickettsials, Barbet et al. (United States Patent 6,025,338) dieron a conocer una 
composici6n que comprende un polinucle6tido aislado, que es capaz de inducir 
respuesta inmune contra una enfermedad causada por una rickettsia pat6gena, entre 
las que se encuentran Cowdria ruminantium, Ehrlichia chaffeensis y Anaplasma 
marginale. 

La patente de invencibn de Davis, (2001, United States Patent 6,180,614) describe la 
utilizaci6n general de las vacunas de ADN como m^todo de inmunizaci6n de especies 
de acuicultura. Esta patente tambi$n da a conocer los m^todos de administraci6n de los 
sistemas de expresidn de ADN a los peces. Tales m6todos incluyen la t^cnicas de 
inyeccion, pulverizaci6n e inmersi6n. 

Protefna B de uni6n a Transferrina 

Virtualmente todos los microorganismos requieren hierro como cofactor para varios 
procesos enzim&ticos, por lo que han desarrollado diversos sistemas para lograr 
capturarlo. En el suero, el hierro es transportado principalmente por la Transferrina (Tf), 
la cual corresponde a una motecula globular de un unica cadena polipeptfdica y que es 
capaz de enlazar dos iones ferricos (Alexander, J. & Ingram, G., 1992). 

Ciertos patogenos gram negativos han desarrollado receptores para esta protefna 
transportadora y asf adquirir el hierro desde su entorno. Este receptor es un complejo 
compuesto por dos protemas, protefna A de union a transferrina (Tbp A) y protefna B de 



uni6n a transferrina (Tbp B) (Boulton, I. y cols, 1998). TbpA presumiblemente sea una 
proteina con multiples dominios transmembrana, mientras que TbpB puede presentar 
grandes dominios externos con anclaje por su tallo lipfdico en la region amino-terminal 
(Anderson, J. y cols, 1994; Legrain, M. y cols, 1998). 

La expresi6n de estas protefnas de membrana externa bajo condiciones limitantes de 
hierro se ha visto en diferentes especies de bacterias entre ellas: Actinobacillus (Daban, 
M. y cols, 1996), Haemophilus (Stevenson, P. y cols, 1992), Neisseria (Boulton, I. y cols, 
2000, Cornelissen, C. y cols, 2000, Daban, M. y cols, 1996, Pizza, M. y cols, 2000), 
Trypanosoma (Steverding, D. y cols, 1995), Pasteurella, Moraxeiia (Chen, D. y cols, 
2000, Myers, E. y cols, 1998) y Borrelia (Carroll, J. y cols, 1996). 

Los genes tbpA y tbpB aparentemente son policistr6nicos, los productos g^nicos forman 
un complejo que actua como receptor para la transferrina (Anderson, J y cols, 1994). 
TbpA enlaza sin distinci6n tanto a la forma ferrada (apo) como a la no ferrada (holo), en 
cambio, TbpB discrimina entre apo y holo uniendo especfficamente a la forma dif<§rrica 
(Boulton I. y cols, 1998, Retzer M.D. y cols, 1998). TbpB tambten presenta dos l6bulos 
que se unen en la misma serie de p6ptidos (Retzer, M.D. y cols, 1999), facilitando la 
uni6n del receptor a Tf (Anderson, J. y cols, 1994), sin embargo, se ha sugerido que la 
adquisici6n del hierro por la bacteria estarfa dada por una accion conjunta entre TbpA y 
TbpB, donde TbpA servina como un canal por donde pasana el hierro a trav^s de la 
membrana externa en una forma dependiente de TonB (Cornelissen, C. y cols, 1992). 

La presencia de £stas protefnas en tan amplio espectro de especies bacterianas ha 
generado interes en conocer algo mis de ellas, es asf como en Neisseria se ha 
identificado a TbpA con un peso de 98 KDa, mientras que TbpB esta entre 66 - 86 KDa 
identific^ndose dos familias, las de alto peso molecular y las de bajo peso molecular 
(Rokbi, B. y cols, 1993). 

TbpA es bastante conservada entre cepas de una misma especie, en cambio, TbpB es 
una lipoprotefna que presenta zonas muy variables en relacion a TbpA. La zona 
correspondiente a la mitad N-terminal se ha observado que puede sufrir intercambio 
g§nico por lo que presenta una variabilidad mayor que la observada hacia la mitad C- 
terminal (Legrain, M. y cols, 1998, Pizza, y cols, 2000). 

Estas protefnas han generado un gran interns debido a ciertas caractensticas que las 
hacen buenas candidatas para vacunas: (i) son protefnas de membrana expuestas al 
medio, (ii) son expresadas in vivo durante la infecci^n (1^) y (iii) no se han observado 
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mataaias nataralaa paa caraaoaa da Tbps CBakdk 8. y cala, 1007), Comldarando acloa 
hacdoe aa dan raald-ado divers o$ actadlac da liimynogsfifcldacl da aataa protein as, 
anoomrindo$a qua TfopB presents una raspyasta Inrncnoginfca mayor qua TdpA 
{ComalNssan C y cols, 2000 )< 

In to palate © d# mm a i«n^r|» &a ha asly4«# tadfe mi N^rmmii ^ §t O 

Itrmlriil, in arn&o§ os»§ fen syproi QfcttNclOi &ogs do !a inmunix^kfri tii rafDnsi han 
S^atfo raaoiMdad araaada pw otraa aapaa da la nrttema aspaala (dka^an^l (Rokbl 
&: I cols, 1997, Rokbi B, y cols, 2000), Tamblen aa ha utliteado la pmtefna 
r$corribirtam& oampk^ra eon la que §a ha ofetamdo reaciMd&ri aruxada an dlv^rsos 
gradas dapandl^ndo da fa oapa a! Igyal paa con adaa aapaolaa (Farroa, L, y cots, 1002, 
Ladnmnn, A> y cola, 1989, Rokfot, 8, y oofs, 2000, Siavanson, p. y cols, 1992) Par otro 
lado, af oampla|a TfopA^B mostftS mayor podar feaotanolda qaa la praiafna sola, 
masaamla tarndlan anitcaarpos opaonloaa contra ^aissada (Lahmann, A. y cola, 1909, 
Rokfei* B> y cola, 2000). Los auaroa ofetenfcioa fuego da la tnmynkaaldn an raloaas » 
mosdado car bactericide y ganer&dor da proieoddn contra capaa da ana mlarna aspeda 
(GOon, □. y cok>, 2000, Myers, E. y sols, 1888, Plz^a, y cote. 2000, Stevenson : P. y coic, 
1992, Webb, CX & Odppa, A. ; 1999, Wa^i P. y cola 200 ; ). 

En P;ferfc*agala sateaaa* a! gan da la prole a pea a a da afaiada o^arraapoada a fa. 
praiama S da cnidn a transferring eate gan asld def&cionado an sua primeros 10 
con one -v oodifknaado para una proiodn> da 764 aa, 

Aotaalmanla day una naoasklad araolenta da vacaaaa para las Infaoolonea maa^vaa da 
acpaofea da acyloyltcfa, Taf coma aa axpflcd &nt&rbrrr^i$* las vaaanaa axlsf anlaa an 
ai maraado baaadas aa bactaanaa son da uaa raatnngalo y con acaaaa dacumantacidn 
aoaroa da su efaotlvklad.. Adarnfe, la prodaoclaa da feaotadoac para SRS as da alto 
coato, deb? do a la camp l ap clad dal stetama da oultivo, La p rasa nte lavanold n aal ualona 
lac prodiamas dal p raceme eslado da la Mcalcad an^piaaado las conoa^antos 
modaraaa aa dlotegla rnolaaalar, para ppidilr aacaaaa da ^DN y vacanaa 
raooniiblaaataa centra #1 SRS. Bio parndte ia produccidn da aalac vacuaaa an gran 
aacala y can alia alacdvldad, haattadioaa ladapandlanta da !oa eaa^piajoa atelamaa da 
culliva raqaandoc para. la prallfaraalda da ^a^datedaks aalrnoola. 
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inmune en el animal que ha recibido este material. 
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expncada en la frase anterior. 

B principal objeto de la presente Invent**, es una vacuna de ADN, que ccmprende un 
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En una realizacldn preterida de ee,a invencidn, dichc tragmentc de ADN ccrreepcnde a 
la secuenca nuCeotfdtea Sec ,d N= 1 (ver Figure „ c un fragmen.o de as* 

q t d : :zTa r° ,r ~ de adn a - 
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En otra realizaci6n preferida de la vacuna de ADN de acuerdo a la invenci6n e. 
plasm.dio vector adecuado presenta las siguientes caracterfsticas a) un promoter fuerte 
usualmente del tipo viral que no sea tejido-espeeffico; b) un sitio de c.onamiento para la 
■nsercion del gen de interes; c) un sitio de poliadenilaoi6n para detener la transcripcion 
del ARN mensajero; d) un origen de replicaci6n procaridtico para una eficiente 
propagaci6n en cultivos de E. coli; y e) un marcador de se.ecci6n. Preferentemente, 
dicho plasmidio vector es el plasmidio pUK21-A2. 

En particular, dicho vertebrado corresponde a una especie de acuicultura 
preferentemente es el salm6n Coho, el salmon del Atlantico, e. salmon Chinook o la 
trucha 

En otra realizaci6n preferida de la vacuna de ADN de acuerdo a la invencidn, ella se 
administra mediante tecnicas adecuadas, seleccionadas del grupo consistente en 
.nyecci6n intramuscular, la pu.verizacidn y la inmersion. Ademas, la vacuna comprende 
un adjuvante adecuado y/o un transportador farmaceuticamente aceptable. 

En otra version prevista de la presente invencidn, la presencia de anticuerpos contra la 
prote.na B de union a transferrina generados por la vacuna de ADN se detecta por un 
metodo, segun el cual despues de un tiempo se extrae sangre del vertebrado vacunado 
y el suero se analiza por la presencia de anticuerpos contra la prote.na B de uni6n a 
transferrina. 



Un segundo objeto principal de la invencion es un procedimiento para la preparacidn de 
la vacuna de ADN contra Piscirickettsia salmonis, que comprende las siguientes etapas- 

a) Clonar el fragmento de ADN que codifica para la prote.na B de uni6n a transferrina 
de Piscirickettsia salmonis o una regi6n inmunogenica de esta 

b) insertarlo en un plasmido vector adecuado para su expresi6n y generacion de una 
respuesta inmune contra Piscirickettsia salmonis en vertebrados. 

En una realizaci6n preferida, el procedimiento comprende un fragmento de ADN que 
corresponde a la secuencia nucleotfdica Sec Id NM o un fragmento de esta 
Alternat.vamente, el fragmento de ADN corresponde a una secuencia nucleotfdica que 
da ongen a la misma prote.na o fragmento de prote.na que la Sec Id N* 1, emp.eando 
codones diferentes, preferentemente los codones mas usados por e. organismo 
vertebrado a ser vacunado. Para ambas realizaciones, se hajlegado a establecer que la 



16 



protefna B de union a transferrina de Piscirickettsia salmonis corresponds a la 
secuencia aminoacidica Sec Id N° 2 (ver Figura 2) o una regidn inmunogenica de esta. 



En otra realizaci6n preferida, el procedimiento comprende el plasmidio vector adecuado 
presenta las siguientes caracterfsticas a) un promotor fuerte, usualmente del tipo viral 
que no sea tejido-especffico; b) un sitio de clonamiento para la insercidn del gen de 
interes; c) un sitio de poliadenilaci6n para detener la transcripcion del ARN mensajero; 
d) un origen de replicaci6n procari6tico para una eficiente propagacion en cultivos de E. 
coli; y e) un marcador de selecci6n. Preferentemente, dicho plasmidio vector es el 
plasmidio pUK21-A2. 

En particular, el vertebrado corresponde a una especie de acuicultura, preferentemente 
es el salm6n Coho, el salmdn del Atlantico, el salmon Chinook o la trucha. 

En otra realizacion preferida del procedimiento segun la invenci6n, la vacuna se 
administra mediante tecnicas adecuadas, seleccionadas del grupo consistente en 
inyecci6n intramuscular, la pulverizaci6n y la inmersion. 

Un tercer objeto principal de la invencion es un segmento de ADN purificado util para la 
produccion de una vacuna contra Piscirickettsia salmonis en vertebrados, que codifica 
para la protefna B de uni6n a transferrina de Piscirickettsia salmonis o una regidn 
inmunogenica de esta. En una realizaci6n preferida de esta invencion, el segmento de 
ADN tiene la secuencia nucleotfdica Sec Id N 2 1 (ver Figura 1) o un fragmento de esta. 
Alternativamente, el segmento de ADN tiene una secuencia nucleotfdica que da origen 
a la misma protefna o fragmento de protefna que la Sec Id N fi 1 , empleando codones 
diferentes, preferentemente los codones mas usados por el organismo vertebrado a ser 
vacunado. Para ambas realizaciones, se ha llegado a establecer que la protefna B de 
uni6n a transferrina de Piscirickettsia salmonis corresponde a la secuencia aminoacidica 
Sec Id N 2 2 (ver Figura 2) o una region inmunogenica de esta . 

En particular, el vertebrado corresponde a una especie de acuicultura, preferentemente 
es el salm6n Coho, el salmon del Atlantico, el salm6n Chinook o la trucha 

En otra realizaci6n de la presente invenci6n, el oligonicle6tido se emplea para producir 
una vacuna recombinante para generar respuesta inmune contra Piscirickettsia 
salmonis en vertebrados, donde la protefna B de uni6n a transferrina de Piscirickettsia 
salmonis o una regibn inmunogenica de esta se prodUee empleando un vector de 



expresi6n y un hospedero adecuados. En particular, el vertebrado corresponds a una 
espec.e de acuicultura, preferentemente es el salm6n Coho, el salmon del Atlantico el 
salm6n Chinook o la trucha. En otra versibn prevista, e. vector de expresidn es un 
plasmidio, preferentemente. e. vector pET32a. Por otra parte, se ha determinado que el 
hospedero es una bacteria, preferentemente E. coli. 

En otra realizacion preferida de la vacuna recombinante de acuerdo a la invencion ella 
se administra mediante tecnicas adecuadas, seleccionadas de. grupo consistente en 
-nyeccibn intramuscular, la pulverizacidn y la inmersi6n. Ademas, la vacuna comprende 
un adjuvante adecuado y/o un transportador farmaceuticamente aceptable. 

En otra versi6n prevista de la presente invenci6n, la presencia de anticuerpos contra la 
prote.na B de union a transferrina generados por la vacuna recombinante se detecta por 
un metodo, segun el cua. despues de un tiempo se extrae sangre de. vertebrado 
vacunado y el suero se ana.iza por la presencia de anticuerpos contra la protema B de 
uni6n a transferrina mediante ELISA. 

Descrio cion de las Figures 

FIGURA 1 : 

Esta Figure muestra la secuencia nucleotfdica (Sec Id N« 1) del gen que codifica para la 
prote.na B de union a transferrina de Piscirickettsia salmonis. 

FIGURA 2 : 

Esta Figura muestra la secuencia aminoac.'dica (Sec Id N° 2) de la prote.na B de union 
a transferrina de Piscirickettsia salmonis. 

FIGURA 3 : 

En esta Figura se muestra la representacion esquematica del plasmido pUK21-A2. 
FIGURA 4 - 

En esta Figura se muestra la representaci6n esquematica del plasmido P UK21-A2 
conteniendo el inserto con el gen TbpB, denominado pUK21 -A2-TbpB. 

FIGURA 5 : 

En esta Figura se muestra la estructura del plasmidio pET-32a 



FIGURA fir 

En esta Figura se muestra la estructura del plasmidio P ET32a-TbpBS1 . 
FIGURA 7 - 

En esta Figura se muestra la produccidn de la protefna TbpBSl de P. sa,monis en E. 
con. 



EJEMPLQS 

Los siguientes ejemplos ilustran algunas aplicaciones concretas de la invenci6n pero 
no pretenden limitar el marco ni los alcances de la presente invenci6n. 

f ie 7'° 1: A'slamiento , o,onari6n y se cenr i a dej oen ci« h nrotejna B rie „ niVSn 
transferrins de P. salmnni* J!2n_a 

a) Cultivo de Celulas CHSE-214 

lnocu.cs de celulas CHSE-214 (ATCC 1681), mantenidos en N 2 ,,'quido se 
desconge.aron y se oultivaron en frescos T175 en medio MEM a ie-C por 7 dfas o 
hasta que las celulas lleguen a confluencia. 

b) Cultivo de P. salmonis. 

Se usaron in6cu.cs de P. salmonis que contienen a. menos un tftu.o de 1 X 10* 

sT^T dS fraSC ° S T175 C ° n C6 ' UlaS CH SE-214. A, df« siguiente, 

I T fir y SS a9re96 50 mL dS medl '° ^-complete fresco. E. cultivo se 
reahz6 a 16°C por 10 a 14 dfas, observando peri6dicamente al microscopic de contraste 
de fases, el grade de Hsis de .as celulas CHSE-214 provocada por la infecci6n 
bactenana. Cuando e. efecto citopatico fue de a.rededor de. 100% de las celulas e, 
culfvo de P. salmonis se consider* .isto para ser cosechado o para una posterior 



• — ■ w^,,auu v para una posterior 

propagac,6n de. cultivo. Las bacterias se cosecharon uti.izando un raspador de celulas 
Una vez co.ectado, e. lisado se centrifug* y e. sobrenadante co.ectadc corresponde a .a 
fracci6n semipurificada de P. salmonis. 

c) Purificacidn de P. salmonis 

Para purificar .a bacteria, .a suspensi6n con .a fraccicn semipurificada de P. salmonis se 
somet.6 a una centrifugaci6n en gradiente de densidad obteniendose una banda 
mayoritaria cerca de. fendo de. tube de centrifuge. Esta banda se co.ecto y se Iav6 dos 
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<0 Preparac/an de ADN gendm.co de P. sa/^on/s 

scuclan de 10 mg,mL de DNasa , y se incubd a 37 -C ! . ^ 20 WL * 
cenM.ugac.-6n para e„ mi nar e, sobrenadame tM£ " ""^ U " 9 ° " , 

mas 100 „L de EDTA o 1 m ^ fc * rtta "'» resuspendid en 500 W L de PBS 

resuspendld en 1 mL de tamodn d^t , 9 V 3 Pe " a eXe -52 de DNasa I, se 

Tds-HC, 50 mM , SOS 02T" ™ I 'T"* * NaC ' 4 °°^ EDT * 20 mM - 
, /o, i mg de Proteinase k n u o\ o 

inversion y se incub6 a 58°C durante 1 ho ra „ a£ " W suavem ente por 

incupacian con ,a protease, ,a soTuc L se exTo ^ ~ * 

Tris-HC. ( P H 8) y fue go se extraT* ^ V °' Umen de feno( ^turado con , 

/ y lueyo se extrajo 2 veces con una mo^io ^« ■ * - Aicowo 
.soamflico 24:1. Posteriormente el ADM - cloroformo-al Cohol / 

~ 5My2 ,5 TOMmenesd :c:i^^^ 

e) Reaccion en cadena de la polimerasa (PCR) 

mi».Q esteril. Es emplearon ta/ ° C ° mP ' et ° 9 Un VO,umen de 50 con agua 
colab., 1 999 . Pear ° n COnd — s expenmenta.es indicadas por Maue" y 

0 Electroforesis en geles de agarosa 
9) Clonamiento y secuenciacidn del gen TboB n« i a ♦ ^ 

de P. sa/mo/7/s. 9 PB dQ ' a pr ° te,na B de a transferrfna 
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de las secuencas mas conservadas en e. gen de .a protefna B de union a transferrina 
de R.cketts.a y de otras bacterias cuyos genes de estas protefnas muestran homo.ogfas 
con Rickettsia. Paralelamente, se realizaron analisis de hidrofilioidad de estas especies 
para determinar las regiones de la protefna donde existen determinantes antigenicos 
fuertes. Con esta informacion se definio las regiones del gen TbpB de P. sa,monis a ser 
amplificadas mediante PCR. 

Basandose en homologfas oon los genomas de otros organismos en particular 
Pseudomonas aeruginosa y Vibrio cholerae se disenaron los partidores a) sentido- 5'- 
C AAG G ATCC ATG CCAAATTCAG G GAAAACAACG -3' y b ) antisentido- ' 5'- 
CTTGAATTCGCATAACCGTGTGTTCGTAAC-3' los cua.es se utilizaron en una 
reacc,6n polimerasica en cadena, usando DNA cromosomal de P. saimonis altamente 
punficado como templado. Este proceso dio origen a un fragmento de 2.295 pares de 
bases que fue clonado en e. vector pGEMt. Una vez aislado ADN del p.asmidio 
resultante (pGEMt TbpB) e. inserto se secuencio, demostrandose la presencia de un 
gen que codifica por una protefna B de uni6n a transferrina de 764 aminoacidos, que 
presenta una a.ta homologfa con !a protefna B de uni6n a transferrina de otros 
organ.smos y tambien con la secuencia parcial de fragmentos de P. salmonis obtenidos 
anteriormente. 

Los resultados se presentan en .as Figuras 1 y 2. En la Figura 1 se muestra la 
secuencia nuc.eotfdica (Sec ,d N° 1) del gen que codifica para la protefna B de uni6n a 
transferrina de Piscirickettsia saimonis. En .a Figura 2 se muestra .a secuencia 
am.noacfdica (Sec Id N* 2) de la protefna B de unidn a transferrina de Piscirickettsia 
salmonis. 

EiemP '° 2: Pr ^Paraci6n de un vector para varuna n ft n*t.~, r,,^ n aci6n rift , ngn Ho , Q 
prote.na B de uni6n a transferrina d» p ^ l m on i s an *\ pi^ smidio n. ikplao 

E. vector pUK21-A2 posee las siguientes caracterfsticas necesarias para ser utilizado 
como vacuna de ADN: a) un promoter fuerte, usualmente del tipo viral que no sea 
tej.do-espec.fico; b) un sitio de clonamiento para la insercion del gen de interes; c) un 
s.t.o de P oliadeni.aci6n para detener la transcripci6n del ARN mensajero; d) un origen 
de replicacidn procaridtico para una eficiente propagacion en cultivos de E. coir y e) un 
marcador de seleccidn. 




a) Preparacion de AON del plasmidio pUK21-A2 
ADN plasmidial obtenido de E co//hr mi ~ * 

P «:r r a rrr r d,seri<5 °° n ,aa anz,mas e °° ™ * — * - ~: o : a : 

,o^.! . de8,0 '" 0n " ,r 108 extrem <» *" vector linearizado agregando 15 H L de 
puk7,-«: 9 mU9 " ra ' a esquemmiea del plaamida 

p^T" ^ ^ ' a Pr ° ,e ' na B ^ Un ' 6n 8 ,ranSferrina «° « ~* en e, veco, 

A2 generandose el vector vacuna pUK21-A2-TbnR Fn io M 

1";^,:°;":;: ir* T- en un vec,or da ™ n ■ 

P A2 TbpB ' lue 9° de '"yectado en el musculo de rat6n es caoar H» 
cada uno de los plamidlos en e| (amp(5n pes a oonoe " * 

ADN p lasmld , al (se , nyeotan 50 ^, en ^ ex(rem 3,™^ ' * 

nr :r nda dosis se adminis,ra * ,os 15 df ~ «*> ^ 

pu^r USand ° ADN P ' aSm ' d,a ' con ' ro1 que "° p ° see - ~ «° ^pe 



Luego de trascurridos 45 dfas idfa 4*^ o~ 

analiza per .a present da a *" 8 " '° S ra '° neS y el - 

mediant© ELISA CUe,P03 " prote,na B * «-*■ * —sfer*. 



a) Peterminacidn n» «»ti^. iemna ant8 p ^ fr 



jnion a transferrins m^dianta F , , QA 



« „ de s angre ^ ™ ^ ^ * * ~ - 

suero. Tambien se realiza el mi c mn ' P ° r Una nora a f,n d ^ obtener el 

an.es de ,a i_ ZZ Z^Z^ZT^" ~ *~ 

pir:r„~;° humorai de ,os • - - 

m.na por ELISA, tal como se describe a continuacidn 

•ostato sa,ino, centeniendo Tween ^0 0^!, T / " /P ° C "'° * ' amP6n 
da 5 min. antra cada ciclo da lavado 39 ^ 3 v «~ ■ °°" 

5.- Se elimina la solucidn del Ultimo lavado y se aareoan „ „ 

100mM y cloruro de magnesfo 5mM (pH 9 5> ,„* ToJ ^ * S ° di ° 

-7 , ^ oirim <pn y.5). Se incuba 30 minutos a q-7°n 

7- La reacci6n es detenida con hidrdxido de sodio 3M v <~ .1 

405 nm de longitud de onda. y e " es P ectr °'ot6metro a 

Como se indica en los resultados de la T a hi a -. , 

e. plasmidio pUK21A2-TboB re^ SUer ° * '° S rat ° n6S in Vectado S con 

DpB reacciona con la nrntama n w„ 
ELISA indicando que contien* fln , Prote.na B de un.on a transferrina en 

que cont.ene ant.cuerpos espeefficos, contra esta protefna. En 



23 



centres e, aqueNos ratones inyectados con una prepared*, con.ro, (pUK21A2) no 

desarro an antlcuerpos contra ,a protarna B da un,6n a transterdna E s.e ejenjo 
doners que med|ante „ inyeec|6n ^ ^ 1 mpto 

descnto en esta Invencidn se logra eaHmuiar a, sislema Inmune da, ra.dn y deserto,,!" 

ZsZT 3 humora ' en ,a ,orma * ~ - - ~ B y *r: 



Table I. Mediclon da antlcuerpos an,! protelna B da unldn a Iranslerrina an ratones 
inmumzados con pUK2 1 A2-TbpB. 



Muestra 


Lectura O.D. 
405 nm/30 min 




Suero preinmune 


0.03 




Suero rat6n inmunizado con 
PUK21A2 (control) 


0.05 * 




Suero de rat6n inmunizado con 
pUK21A2-TbpB 

Promedio de 4 ratones diferentes. 


0.32 * 

I 






La axpraswn en bacteria se realizd a par.tr de un ,ra 9 men«o de 76. pares de bases 

cA^ GA ^r~ 6n de dna ~ c ° °° n ' OS p-*^ -^r 

CAAGGATCCATGCCAAATTCAGGQAAAACAACG-3' y an.isen.ldo- 

PG G L G .tx;r T r agtgtgcgctgtg - 3 ' - * 

hft de BamH ' y ECOF " Se aisla un "agmento de 761 pares de 

ba a s que se „ga a, vector pET3 2 a generandose PET32a-TbpBS1 e, cue, se rn es,ra 

z^ b zl e r si6n de ,a pro,erna de ,uswn Tbpesi - — - - 

c-Slu as recomb.nenles por acciOn de ,PTG , mM . La protelna presen.e en ,a fraccidn 
■nsoluble se soluble con urea 6M y se purltlca por columna de Nl-agarosa ToZos 

:zTsz;iz;:r aos de aouerdo a ,os ~ — ^ - ~ 

En la Figure 7 se presents un gel de poliacrilamida con SDS beoho de aouerdo a 
Laemml, ( Lae mm „. , 97 0, que mu es, ra ,a produced de ,a protelna B de un16n a 



24 
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REIVINDICACIONES 

A. Una vacuna de ADN, CARACTERIZADA PORQUE comprende un fragmento de 
ADN que codifica para la protefna B de uni6n a transferrina ^Piscirickettsia salmonis o 
una regi6n inmunog<§nica de 6sta, insertado en un plasmido vector adecuado para 
expresar la protefna y generar respuesta inmune contra Piscirickettsia salmonis en 
vertebrados. 



2. Una vacuna de ADN de acuerdo a la reivindicacion 1, CARACTERIZADA 
PORQUE dicho fragmento de ADN corresponde a la secuencia nucleotfdica Sec Id N s 1 
o un fragmento de £sta. 

3. Una vacuna de ADN de acuerdo a la reivindicacion 1, CARACTERIZADA 
PORQUE dicho fragmento de ADN corresponde a una secuencia nucleotfdica que da 
origen a la misma proteina o fragmento de proteina que la Sec Id N s 1 , empleando 
codones diferentes, preferentemente los codones mas usados por el organismo 
vertebrado a ser vacunado. 

4. ^ Una vacuna de ADN de acuerdo a las reivindicaciones 1, CARACTERIZADA 
PORQUE dicha protefna B de uni6n a transferrina de Piscirickettsia salmonis originada 
corresponde a la secuencia amino£cidica Sec Id N 9 2 o una regi6n inmunog6nica de 
esta . 



5. Una vacuna £e ADN de acuerdo a las reivindicaciones 1 a 4, CARACTERIZADA 
PORQUE dicho ^ lasmidio vector adecuado presenta las siguientes caracterfsticas a) un 
promotor fuerte, usualmente del tipo viral que no sea tejido-especffico; b) un sitio de 
clonamiento para la insercion del gen de interes; c) un sitio de poliadenilaci6n para 
detener la transcripci6n del ARN mensajero; d) un origen de replicacion procariotico 
para una eficiente propagacion en cultivos de E. coli; y e) un marcador de seleccion. 

6. Una vacuna de ADN de acuerdo^a la, reivindicacion 5, CARACTERIZADA 
PORQUE dicho plasmidio vector es el -ptesmtaio pUK21-A2 krotro*^on caracterfsticas 
similares. 



7. Una vacuna de ADN de acuerdo a las reivindicaciones 1 a 6, CARACTERIZADA 
PORQUE dicho vertebrado corresponde a una especie de acuicultura. 



Sri 



32 ■ ••• 



8. Una vacuna de ADN de acuerdo a la reivindicaci6n 7, CARACTERIZADA 
PORQUE dicha especie de acuicultura es el salm6n Coho. 

9. Una vacuna de ADN de acuerdo a la relvlnd.cac.6n 7, CARACTERIZADA 

PORQUE dicha especie de acuicultura es el salm6n del Atlantic©, 

10. Una vacuna de ADN de acuerdo a la reivindicaci6n 7, CARACTERIZADA 
PORQUE d.cha especie de acuicultura es el salmon Chinook. 

11. Una vacuna de ADN de acuerdo a la reivindicaci6n 7, CARACTERIZADA 
PORQUE dicha especie de acuicultura es la trucha. 

12. Una vacuna de ADN de acuerdo a las reivindicaciones 1 a 11 
CARACTERIZADA PORQUE dicha vacuna se administra mediante tecnicas 
adecuadas, seleccionadas del grupo consistente en inyecci6n intramuscular la 
pulverizaci6n o la inmersi6n. 

13. Una vacuna de ADN de acuerdo a las reivindicaciones 1 a 12 
CARACTERIZADA PORQUE dicha vacuna comprende ademas una adjuvante 
adecuado. 



14. Una vacuna de ADN de acuerdo a las reivindicaciones 1 a 13 
CARACTERIZADA PORQUE dicha vacuna comprende ademas un transportador 
farmaceuticamente aceptable. 

15. Un metodo para detectar la presencia de anticuerpos contra la protefna B de 
un.on a transferrina de P. salmonis generados per la vacuna de ADN de acuerdo a las 
re.vindicaciones 1 a xf, CARACTERIZADO PORQUE despues de un tiempo se extrae 
sangre del vertebrado vacunado y el suero se analiza por la presencia de anticuerpos 
contra la protefna B de uni6n a transferrina mediante ELISA u otro procedimiento 
concede en el estado de la tecnica para detectar anticuerpos. 

16. Un procedimiento para Ia.preparack3n .de la vacuna de ADN contra Piscirickettsia 
salmonis, CARACTERIZADO PORQUE comprende las siguientes etapas- 
a) Clonar e. fragmento cje^DNflu^cp dificapara la protefna B de union a transferrina 
de P/sctripkettsia salmon&o una regi6n inmunogenica de esta 
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b) insertarlo en un p.asmido vector adecuado para expresar la protefna y generar 
respuesta inmune contra PisCricKettsia sa/monfs en vertebrados. 

17. Un procedimiento de acuerdo la reivindicaci6n 16, CARACTERIZADO PORQUE 
d.cho fragmento de ADN corresponde a .a secuencia nuc.eotrdica Sec ,d N- 1 o un 
fragmento de esta. 

d 8 „ Pr00ec " mlento de acue ^° 'a reivindicacion 16, CARACTERIZADO PORQUE 
dicho fragmento de ADN corresponde a una secuencia nucleotfdica que da origan a ia 

7 ° ,raomBnto de prote,na que la sec ,d NS 1 ' 

drteren.es, preferentemente ios oodones mes usados per e, organismo vertsbredo a sar 
va.cun3.Q0. 



19. Un procedimiento de acuerdo la reivindicacibn 16, CARACTERIZADO PORQUE 

d.cha protefna B de uni6n a transferrina de PisciricKettsia saimonis corresponde a ,a- 
secuenca aminoacidica Sec ,d N* 2 o una regi6n inmunogenica de esta . 

POROuLT 6 ^'^^ 3 " 6 ^ 13 reiVindiCacion - 16 a 19, CARACTERIZADO 
PORQUE d,cho pfaemfd io vector adecuado presenta las siguientes caracterfsticas a) un 
promoter uerte, usua.mente de, tipo vira. que no sea tejido-especffico; b) un sitio de 
clonam.ento para la insercion de, gen de inters; c) un sitio de poliadenilacion para 

TZl a J a T 9 menSajer ° : d) Un ° ri9en dS P-ar,4co 

para una ef.cente P ropagaci6n en cultivos de E. coH; y e) un marcador de se.ecci6n. 

2 J- ^ n a§ r ° C £ imiento de acue -"do la reivindicacion 20, CARACTERIZADO PORQUE 
d,cho pja^mfdio vector es e, plasmidio P UK21 A2 u otro con caracterfsticas simi.ares. 

POROuL Pr0 h Cedimient ° ^ aCUerd ° ' a reivindicaci °"es 16 a 21, CARACTERIZADO 
PORQUE d.cho vertebrado corresponde a una especie de acuicultura. 

23. Un procedimiento de acuerdo la reivindicacion 22, CARACTERIZADO PORQUE 

dicna especie de acuicultura es el salm6n Coho. 

24. Un procedimiento de acuerdo la reivindicacidn 22, CARACTERIZADO PORQUE 
d.cha especie de acuicultura es e, sa,m6n de, Atlantico. 



dL Un Pr ° C ; dimient0 dS aCUerd ° la reivindicacion 22, CARACTERIZADO PORQUE 
d.cha ©specie de acuicultura es el salmon Chinook. 

26. Un procedimiento de acuerdo la reivindicacion 22, CARACTERIZADO PORQUE 
d.cha especi© de acuicultura es la trucha. 

PORQUP rH edimient0 ^ aCUerd ° 13 reiVind,Caci — 1« a 26, CARACTERIZADO 

9 rup const T C T " adm,n,Stra * CniCaS seieccionadas de. 

grupc cons.stente en <nyecci<5n intramuscular, ,a pu.verizaciOn c la inmersiOn 

_ (do ch\^ ^° 

J*T un segmento de ADN purificado uti. para ,a produced de una vacuna centra 
P.scncketts.a saimonis en vertebrados, CARACTERIZADO PORQUE codifica para ,a , 

CARACT E R^Z1 ^ PUrifiCad ° ^ aCU6rd ° ' a --indicacian 28, 

CARACTERIZADO PORQUE corresponde a ,a secuencia nuc.eotfdica Sec Id N B 1 o un 
fragmento de esta. i o un 

^RA^T C »^r° ^ PUri " 0ad ° * aCUerdo ,a --ndicacidn 28, 

Z Id PORQUE corresponde a una secuencla nucleotldica equivalents a 
Sec Id N 1 , de acuerdo al cddlgo genetico o un fragmento de esta. 

contra M , monfe en ^Tj^* " * 

porque dich ° ™° br » a ° «~* • - * 



CARACT 0 ^^!! 3 ™ 6 "" 0 ^ PUri "° ad0 dS aOUe ' d ° 3 la -ivindtcacidn 32 

CARACTERIZADO PORQUE dicha especle de acuicultura es el salmon Coho. 

CARACT° H d ^ U rlo amen, ° * ^ PUr " iCad ° * aCUerd ° a ,a -ivlndlcaoidn 32 
CARACTERIZADO PORQUE dlcha especle de acuicultura es el salmdn del Atlantico. 
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CARACTP^ A U rl Se9ment ° ^ PUnfiCad0 de aCUerd ° 3 ,a -vindicacion 32 

CARACTERIZADO PORQUE dicha especie de acuicultura es el saimon Chinook. 

CARACT E R d ^no S o e9ment0 * ^ PUrifiCad ° * * ' a -vindicaci6n 32 

CARACTERIZADO PORQUE dicha especie de acuicultura es la trucha. 

37 Una vacuna recombinante para generar respuesta inmune contra Piscirickettsia 
salmon* en vertebrados producida emp.eando el segmento de ADN de acuerdo a .as 
re,v,ndicaciones 28 a 30, CARACTERIZADA PORQUE .a protei'na B de union a 
transferrina de Piscirickettsia salmonis o una region inmunogenica de esta se produce 
empleando un vector de expresion y un hospedero adecuado# 
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Una vacuna recombinante de acuerdo a ia reivindicacion 37 CARACTERIZADA 
PORQUE dicho vertebrado corresponde a una especie de acuicultura. 

39. Una vacuna recombinante de acuerdo a la reivindicaci6n 38 CARACTERIZADA 
PORQUE dicha especie de acuicultura es el salmon Coho. 

POROM^r" 3 reC ° mbinante dS acuerdo * '* reivindicacion 38 CARACTERIZADA 
PORQUE dicha especie de acuicultura es el salmdn del Atlantico. 

41 . Una vacuna recombinante de acuerdo a la reivindicacion 38 CARACTERIZADA 
PORQUE dicha especie de acuicultura es el salmon Chinook. 

42^ Una vacuna recombinante de acuerdo a la reivindicacion 38 CARACTERIZADA 
PORQUE dicha especie de acuicultura es la trucha. 

VaCUna reC ° mbinante de acuerdo a las reivindicaciones 37 a 42 
CARACTERIZADA PORQUE dicho vector de expresion es un u otra ) 

construccon de ADN capaz de expresar la protefna B de uni6n a transferrina de P ' 
salmonis en un hospedero adecuado. 

oL™T a VaCU ^'^ C °' T1 ^ nante dS aCUQrdo a la reivindicaci6n 43 CARACTERIZADA 
PORQUE dicho pjasmidio es el vector pET32a(F,o >< -=0 ^ 
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45. Una vacuna recomb/nante de 

CARACTEREADA PORQUE hosp ;; e ^° 3 ,3S ->*»«—«». 37 a 44 

'nsectos o una celula animal. mic °°^nis mo , una celula de 

46. Una vacuna recombinants de acuerdo „ i. • 

™QUE dicno noapedero es prefere^ s 27 ^ 45 CARAC ™"^DA 

CARACTER^or P T R TuT2ha d %atur , ° 3 !f ■ reiVindfcaCWn 37 ^ 46, 
adecuadas, selecclonadas del grueo eon ! admi "'=tra mediante tecnicas 

pulverizacianylalnmersidn. P <*>ns,s,en,e en Inyeccion intramuscular, ,a 

carao^t ;:;rr:r :ac a :r ° a ,a - - - «* 

adecuade. vaouna <*>mprende edemas una adjuvante 



49. Una vacuna de ADN de 

CARACTER.2ADA PORQUE dicha * *" reivindtoa <*>nes 37 a 48 

farmaceu„camen.eacep,ab,e. 3 oon »« n * un transpodador 

-cun: rrrLrrrrr^-^ — — ~~ - 

PORQUE despues de un C» llT^ 37 3 49 ' CAR *CTER,ZADO 

se ana,i 2a por , a presencla de ZZZos coT, «— * " * «*» 

* ^ »i™* mediante ELISA Pr °' e ' na 8 * 3 tra "~ 

«cnlca para detecte, enticuerpoe concede en e, estado de ,a 
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CAGGCACCTATTCTCTTAATGTCGCCTCAGCACA^ 
^CCAAGAAAAAGTCAACCTAG^^ 

AAAI-CAACATCAACAGTAAAAAACTATCAG^^^ TATGCT GGATATCGCCAAATTACGCA 

CCTACAACAATCACACTGTTAGC^TCGCA^GCTA 
TATTTTAATTGCCGATGCCCG^^^^ 

AGGCACAGCGCACACTAACACA^GC™™ 

ctgtttttaatg T attgga tc ^ 
cacca T cga T acga TTTTTATTGA J^™ 

^^GCCATTGCTGCCCAAGGCTTTGGTAGTGGCCT^rr GCCAACATATCGACTT ACCAAGCTGGATCA 
^GTTTTTGTTCTTATCTTTTTT^GA^^ CCGTCGC ^GCTTTATCCCCCAAATTGGCCTC 

^TTATGC^AACTCGAACATTAGA^^^Z^ ^^CTTTGGCTGTAATGTCCCAG 
^GTGGCGATGCTAGCCCTTTTAT^^G^c^r GCCACCGGCT ^CTACTGAAAAAATCAATTT 

^^cagcctcaatagtattaacattaa^tIgt^ AGGTAAAATCATCGTC ^tgtgtgcatcct 

GTTGCTCTAATCACAGGCACAC^^ 

^^ccacaacttcaacagatcaagacttcagc^^J ccttaaa tacattgtattcacaaca 

^CAGGCTTTAGTAGCATGAATGclG^CT^^r GCGGGATAA AATCTGCCGTTACTGATACGA 
ATGGACTCTAGTGCTATGGGCCAAATGG^CACTTTTTTCGCAGTCC^ 

TT TCGCTTTGCTATATATCCCATGCATTGCCA^r^ T ^CAGTCCAATCGCAGCCT TT GCTTATCTTGT 

cctatctttcaacctattggggggca^gca"^^ 

^CCAATGCACCCAACGTCCTCCAGTGC^r^r CTCGCTTGC ^AA T CACTTATCAAACAGGAAGT 
^^^^^ 

CCAAATCAGGCTGCTGCAATTAA CJTCGATTTAACGCAACCGGCACCAATTAACATTAACAAAC 
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TITLLASQLITSIEEATDEEADIL^ ' 
FMQAIGLPGKSFVPLIVGFGC^^^ 

VHFFGSPIAAFAYLVFALLY?PCIA^ 
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Amp 




laci 



f1 origin 

Ava I (1433 ) 
Pac R7I (1433) 
Xlrn HI 433) 
Eag I (1441 ) 
Ea/Xl (1441) 
Not I (1441) 
Ajw« 111(1441) 
///» dIIHl448) 

HI 454) 
AW I 3 61 J (1463) 
&r/c f (1465) 
Eco RI (1467) 
A//// HI (1473) 
£co RV (1481) 
Nco I (1487) 
^cc 651 (1509) 
Asp 718 (3 509) 
A'/?/; f (1513) 
Kg? U(\5] 6) 

trxA 
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